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BERNARD OGILVIE DODGE 
FRED J. SEAVER 


Of all the living ex-presidents of The Torrey Botanical Club probably 
none has been more active in the affairs of the organization than Dr. B. O. 
Dodge who, with the loval cooperation of his good wife, has held about every 
position which the Club afforded. 

He was Secretary-Treasurer at the time when that title covered a multi- 
tude of duties, such as recording the minutes; collecting money and keeping 
records of all receipts and expenditures ;* negotiating contracts with the 
printers ; writing letters; and, last but not least, delving into the depths of 
the subcellar at Columbia University, ferreting out from the dust-covered 
stock and debris back numbers of the Bulletm, and shipping them to every 
part of the world. In that day the Secretary-Treasurer was ‘‘Jack of all 
jobs’? in connection with the Club. For several years he was editor of the 
BULLETIN and for many vears he collaborated with Mrs. Dodge who was the 
official Bibliographer. In fact there is scarcely an activity of the Club in 
which the Dodges have not been concerned. For these reasons it has been 
thought appropriate to dedicate the present volume to Bernard Ogilvie 
Dodge. “s 

The writer’s first encounter with Dr. Dodge was in the fall of 1909 when 
the latter entered Columbia University as a graduate student, and reported 
to the New York Botanical Garden for research in the fungi; in this group 
he had acquired an interest while engaged in high school work in Wisconsin, 
and he maintained this interest later in the University of Wisconsin. He was 
assigned to work on the Ascobolaceae, a family of the Discomycetes, with the 
expectation that he would carry on a taxonomic study of the family. He soon 
became interested in the reproductive processes of these fungi; this was the 
beginning of his work on sex in the fungi, in which field he has made his 
chief contribution to science. One of his early papers was ‘‘ Methods of cul- 
ture and the morphology of the archicarp in certain species of Ascobolaceae’ 
(Bull. Torrey Club 39: 139-197. pl. 10-15. 1912). In this group he deseribed 
anew species, Ascobolus magnificus. It was in connection with this work that 
he discovered the effect of heat in inducing germination of the ascospores of 
Ascobolus, a process which was later found applicable to the germination of 
the spores of other fungi, especially Neurospora. He continued his researches 
in Columbia University until 1920, working also with the plant rusts which 
took him into the field of pathology. 

In 1920 he went to Washington as Plant Pathologist in the United States 
197 
































198 BULLETIN OF THE TORREY BOTANICAL CLUB (VoL. 74 


| U4l ee 


Department of Agriculture where, although a Plant Pathologist by vocation, 
he continued his investigation on sex in the fungi and extended it to other 
groups. In his well known work on pink bread mold (Neurospora) he was 
a pioneer in the hybridizing of fungi and systematically observing the results 
of such crosses. Through this work he became one of the world’s most out- 
standing mycogeneticists. His work on Neurospora is too well known to 
require here more than a passing mention. 

In 1928 he accepted the position of Plant Pathologist at The New York 
Botanical Garden and began his work on May 1 of that year; he officially 
retired at the end of 1946. During his official connection with the Garden 
he has contributed much toward the improvement of the health of the plants 


a tim 


of that institution, especially in the control of black spot of roses. He dis- 
covered the cause and control af a disease of the much cultivated Pachy- 
sandra. The disease is caused by the fungus Pseudonectria pachysandricola, 
a species described by Dr. Dodge and not previously known to science. 

A scientist never really retjres, he merely throws off some of his routine 
duties in order to devote himself more exclusively to his hobby; and Dr. 
Dodge is no exception to the rule. He may still be seen daily in his laboratory 
and will doubtless continue his researches with unabated zeal. 

His book Diseases and pests of ornamental plants, prepared in collabora- 
tion with Dr. H. W. Rickett, is in constant use by pathologists and is the only 
work of its kind devoted exclusively to diseases of ornamental plants. 
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GROWTH CURVES OF ORIENTAL TOBACCO AND THEIR 
SIGNIFICANCE’ 


FREDERICK A. WOLF 


From time immemorial biologists have been concerned with problems of 
growth. Consequently a voluminous literature on growth, including observa- 
tions on both animals and plants, has accumulated. In attempting to inter- 
pret this literature and to seek an understanding of the underlying prin- 
ciples involved, many controversial issues have been brought to light. Judg- 
ing from perusal of representative botanical investigations it would appear 
that all too little which is basic is yet well established. This conclusion con- 
firms that of Glaser (1938) who stated that ‘‘ When reduced to absolute dry- 
ness, a fair sample of the literature on organic growth yields a residue in 
which a few non-volatile platitudes are embedded in a voluminous matrix of 
quantitative fact.’’ 

In his recent book, ‘‘Growth and Form,’’ Thompson (1945) evaluates the 
present status of knowledge of growth as it relates both to animals and to 
plants. It appears that present-day concepts regarding growth in plants, in- 
eluding both woody and herbaceous species, date from the work of Sachs 
(1887). His observations show that the growth of broad bean,. Vicia faba L., 
begins at a slow rate but as the process continues it does so at an increasingly 
rapid rate until it reaches a maximum; then growth progressively decreases 
and eventually comes to a stop. This sequence of events may be portrayed 
graphically by an ‘‘S-shaped’”’ or sigmoidal curve, now generally reeognized 
as a common pattern among Nature’s mechanisms (‘‘mecanisme commun aux 
phenomenes dispartes’’). Furthermore Sachs’ measurements of the growth 
rate of the shoot-axis of Phaseolus multiflorus Willd. and of dahlia, if 
graphed, vield curves similar to that of broad bean. 

Among other annual species in which growth rates have been studied are 
Vallisneria spiralis L., by Bennett (1880), maize, by Stefanowska (1904), 
Lehenbauer (1914), and Pearl and Surface (1915), and sunflower, by Reed 
and Holland (1919). It has been concluded that the precise form of the 
logistic or growth curve for each of these species, or, indeed, for any other 
Species or particular individual is determined by two basic variables, one 
germinal and the other environmental, which interact during the develop- 


1 This investigation of oriental tobacco and others previously reported were financed, 
in part, by the General Education Board. Acknowledgment is made of help by Dr. P. M. 
Gross, who critically read the manuscript, and by Walter S. Clark, who collected some of 
the data. 
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mental period. As is generally appreciated, the former is constituted of a 
complex of internal factors and the latter of interdependent external factors. 

The writer has been concerned for several years with problems of growth 
in connection with the production of oriental types of tobacco (Wolf & Jones 
1944, Bentley & Wolf 1945, Wolf 1946). From experience gained during the 
course of this work, it has become increasingly apparent that a better under- 
standing than is extant is required regarding growth of the tobacco plant, if 
improvement in quality and quantity of the product grown is to be- secured. 
On the basis of published results with tobacco (Avery 1934, Morgan & Street 
1935, Petrie, Watson & Ward 1939, Petrie & Arthur 1943), and with other 
plant species, one might logically assume that there is little likelihod of 
achieving this purpose or that little additional knowledge would be acquired 
by studying the rate of growth of tobacco. Nevertheless additional observa- 
tions on growth of this crop plant have been made and the data thus secured 
together with their interpretation are presented herewith. 


MATERIALS AND METHODS 


The varieties of oriental tvpes of tobacco used in these studies ineluded 
[Izmir (Smyrna), Broussa and Dere (Samsoun), Stanimaka (Cavalla), and 
Yaka (Xanthi). They were grown in a field at the Tobacco Experiment Sta- 
tion, Oxford, N. C. The cultural practices employed, including fertilization, 
spacing of plants, and tillage, were such as are known to be favorable for 
satisfactory growth. Two methods of sampling were employed. In one 
method, increase in height of selected plants was determined by a series of 
successive measurements extending over a period of about two months. At 
the same time the rate of expansion of leaves was followed by measuring the 
length and greatest width. A ratio between length-width and area had been 
predetermined, and on this basis leaf area was calculated, using the product 
of length and width as one factor in the calculation. 

In the other method paired groups of ten plants each were selected and 
marked for analysis. Replications were used so far as time permitted. All 
plants from one member of the pair were permitted to grow unmolested until 
the seed heads were well formed. By that time the leaves along the lower 
portion of the stems had become dry and others above them were senescent. 
Other leaves, properly primed,? from near-by plants therefore were substi- 
tuted in the analyses for these dry and overmature ones. 

The leaves from all plants of the other member of the pair were primed 
as they matured and their inflorescences were removed as soon as the buds 
appeared. 

In making the analyses, the plants were uprooted and brought into the 


2 Priming is a term used to designate a method of harvesting tobacco by picking the 
leaves when they are in best condition for curing. 
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a laboratory where the leaves were removed in sequence, weighed immediately, 
5. and their lengths and widths were determined. Weights and lengths of inter- 
th nodes were determined after the stems had been cut into segments. The 
es average weight of the leaves at each node and that of corresponding inter- 
ne nodes was computed. th 
r. RESULTS | 
if The growth form of plants of oriental varieties of tobacco should first be 
d. discussed. Their unbranched stems have the general shape of a gradually i" 
et tapering cylinder, being largest in diameter near the soil level. The inter- 
r nodes tend to become progressively longer from the basal ones upward to the 
of middle of the stalk and gradually shorter thereafter. An occasional plant is 
dd found having short internodes occurring between long ones, but from aver- 
a- age measurements of corresponding internodes of a series of plants such if 
cd inequalities are not so apparent. Internode length, moreover, is correlated 
directly with weight (mass), to such a degree that the internodes of greatest 4 
weight are produced at the median stalk region, being progressively less q 
heavy both upward and downward from this median position. Bi 
d Similarly leaf size progressively increases upward from the base of the 4 
d stem, those of maximum size occurring near the median stalk position. Thence q 
A- the leaves become smaller upward toward the stem tip with occasional devia- hi 
1, tions from this pattern. a 
r Data bearing on the relation between internode weight (mass) and inter- tn 
e node position for 4 oriental varieties are shown graphically in figure 1. i 
f It is apparent that the jagged curves in‘figure 1 are all of the same type, 
t resembling distribution or population curves. Irregularities and variations in oy 
e shape from ideal curves are ascribed to the small number of plants (10-25) 4 
n used, and to fluctuations in growth rate induced by differences in weather q 
t during the developmental period. Broussa and Stanimaka, both equally tall i 
kinds, are especially to be noted and compared because the stalks of the a 
dl former are sturdy and of the latter slender. a 
i An important feature relating to the distribution of mass along the stalk 
i which is not fully apparent in figure 1 becomes obvious, however, if the data a 
r are recalculated on the basis of division of the stalk into three regions, lower, i 
| median, and upper, each region having the same number of internodes. If b 
this is done, it will be found that the weight of the median region is approxi- : 


mately equal to the combined weights of the other two regions. 
In the writer’s opinion there is another way, better than that employed 
in figure 1, to show the distribution of substance produced along the stem- 


ae 


axis, and to show that its rate of augmentation, expressed as ‘‘per inter- 
node,’’ proceeds both in an orderly fashion and at different rates in different 
regions. This is to use ‘‘increment of growth’’ as the unit. Data for the va- 


riety Izmir, graphed thus, are presented in figure 2. These plants grew for a 
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period of 86 days after transplantation. The ‘‘intervals’’ herein could with 
equal propriety bé expressed as ‘‘per days,’’ so long as it is appreciated that 
the elapsed time for the development of substance for any internode was not 
accomplished during an average of about 3 days but rather about 3 weeks. 
The weights shown are the combined weights of 10 plants, internode weights 
being combined with that of the corresponding leaf. For each succeeding 
internode in ascending order the weight of substance produced was added 
seriatim to that of the previous total. By so doing, the green weight of stem 
and leaf substance of approximately 20 grams had increased to more than 
900 grams by the time the thirty-first segment had matured. Such progressive 
increases, when graphed, give a typical sigmoidal growth curve (fig. 2) in 
which change in rate of growth at different intervals is portrayed by change 
in slope of the curve. 


TABLE 1. Rate of expansion of Izmir tobacco leaves at different stalk positions 








Lower leaves Median leaves Upper leaves 
Aver- 5: 05 ee | ty Ae Poo 
Aver Percent- Aver Percent- ae . Percent- 
a. age of Age | sage of oe age of 
Date leaf as Date leaf as Date leaf . 
mature mature mature 
area, area, | : area, a 
size size | 2 Lee 
em.2 em.2 em.2 | 
June 7 9.04 | 8.8 | June 27| 13.86 12.2 | July 18| 861 | 18.1 
ae 19.28 | 18.9 | July 1 40.65 35.9 pia! 30.75 | 64.7 
13 40.80 | 40.1 ‘ 4} 71.60 63.2 ‘6 O85 37.20 | 78.3 
17 | 81.40 80.0 8, 101.20 89.4 ‘¢ 29] 42.30 | 89.0 
20 94.10 92.4 1] 108.20 95.6 Aug. 1 44.80 | 94.3 
24 97.70 95.9 “oe 111.20 98.2 = 5 | 46.70 98.3 
> a 99.30 | 97.5 18 | 114.20 100.0 " 8 47.50 | 100.0 
July 1] 101.30 | 99.5 
4/ 101.80 | 100.0 | | 





A growth curve of very similar form (fig. 3) was secured by use of other 
plants from which to plot, according to the usual procedure, progressive 
change in height against elapsed time. 

A series of successive measurements was made to determine the growth 
rate of leaves of Izmir tobacco. These measurements involved 15 leaves from 
each of three stalk positions, the basal, median, and upper regions. The 
data from these measurements are assembled in table 1. 

It is apparent from table 1 that the development of the leaf from the 
time that it is sufficiently large to measure while attached, until it is fully 
expanded requires a period of approximately 3 weeks, i.e. duration of the 
growth period is quite constant regardless of leaf position. It must be remem- 


Explanation of figure 1 
Growth curves of stems of 4 varieties of oriental tobacco, in which internode green 
weight is plotted against position of internode. 
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bered, however, that leaves are not prime, hence are not ready to harvest as 
soon as they are fully expanded. But the leaves in the median position are 
the largest, hence their absolute growth rate, called ‘‘intensity of growth’’ by 
Berthold (1929), is greatest. These data in table 1, however, fail to show the 
relative rate of growth of leaves borne at different stalk positions. By relative 


PERCENTAGE OF MATURE SIZE 





) 3 5 7 9 1] 13 15 17 19 al 
4 AGE IN DAYS 
Fic. 4. Sigmoidal growth curves (calculated) showing similarity in rate and duration 
of expansion of leaves of Izmir tobacco at three stalk positions. 


rate is meant herein the percentage daily expansion based on final size. Con- 
sequently relative rates of growth were calculated from the observed rates, 
with the results shown in figure 4. 

When the data are ' presented 1 in this way it is apparent that the leave es at 


Explanation of agures 2,3 


Fic. 2. Sigmoidal growth curve of Izmir tobaceo. Combined weight of substance pro- 
duced (internode and leaf) is plotted against interval (either position or time). The weight 
of each successive internode in ascending order augments that of combined substance at 
a lower level. Fic. 3. Sigmoidal growth curve of Izmir tobacco in which height is one 
ordinate and elapsed time is the other. Note the resemblance to figure 2. 
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each stalk position exhibit strikingly similar growth rates. The minor dif- 
ferences shown may be assumed to be attributable to differences in weather 
prevailing during their expansion. 

In quest of a correlated cause for change in rate of growth, comparative 
measurements were made of two groups of plants of the Izmir variety. In 
one group all plants were topped as soon as the floral-axis appeared, and their 
'e ves were primed as they matured. The plants of the other group remained 

nmolested. Averages of the combined weights of internode and correspond- 
af plotted against position in ascending order for these two groups of 
plants may be compared in figure 5. 

The most noteworthy feature presented in figure 5 is the increased green 
weight of substance produced at the upper portion of the topped, primed 
plants. It has long been known that the uppermost leaves become larger in 
response to topping and there is coincidentally an increase in stem substance. 


ce 


To isolate ‘‘inerease in leaf weight’’ from ‘‘combined weight of internode 
and leaf,’’ the weights of leaves alone from the same sets of plants were 
similarly graphed in figure 6. It should be noted that as a result of topping 
the point of inflection of the growth curve is shifted farther upward toward 
the stem tip. 

In figure 6 the influence of priming is not separated from that of topping 
but it may be presumed by comparison with figure 5 that the greater effect is 
induced by topping. At any rate green weight of leaf substance seems to be 
modified to a greater degree than that of stem substance. Furthermore it 
may be concluded that rate of growth along the upper portion of the stem- 
axis is accomplished under the dominance of internal factors arising from 
the inflorescence. 

INTERPRETIVE DISCUSSION 


As anticipated, a gradient of growth rate from one stalk position to an 
adjacent one in the development of the tobacco plant was found to exist. 
When otherwise stated the growth rate in different regions varies in an 
orderly way, so that increase in green weight plotted against position yields 
a sigmoidal curve. For best growth of oriental types of tobacco, experience 
has shown that growth rates should be slow and uniform from the time the 
plants become established after transplanting until the end of harvesting. 
Under ideal conditions, therefore, for this crop, the characteristic growth 





Explanation of figures 5, 6 

Fic. 5. Comparison of distributional growth curves of Izmir tobacco, One group of 
plants was topped and primed and the other was allowed to grow unmolested. Weight of 
internode and leaf combined is plotted against position. The weight increases progressively 
to a point of inflection at the median region and then it decreases progressively. Fic. 6, 
Comparison of distributional growth curves of leaves only of Izmir tobacco, otherwise as 
in figure 5. Vegetativeness is increased in response to topping and priming. 
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eurve should approximate a straight line. At least two factors are involved 
in securing the degree of uniformity in growth rate shown herein. They are 
(a) the use of organic fertilizer instead of inorganic materials for the pur- 
pose of making nutrients slowly available, and (b) the selection for use as 
seed plants of those individuals that flower and fruit late, thereby tending to 
promote a long growth period. At present it seems doubtful whether it is 
practical further to modify the growth rate and thus to improve the quality 
of oriental tobacco or further to straighten the curves of growth shown in 
figures 2 and 3. 

It is well known that the increments by which weight increases during 
growth are related to the weight of the organic mass producing these inere- 
ments. Various investigators, recognizing the existence of this ratio ‘‘inere- 


,, (Am) ; ; 
ment /mass - have attempted to express mathematically increase in 
m 


assimilatory power or ‘‘net assimilation rate’’ (Williams 1946). For instanee, 
Blackman (1919) likened such continual augmentation to money increasing 
at compound interest. He employed the equation W, = Wye", where W, = final 
weight, W, = initial weight, ¢ = time, and r, used exponentially, the rate at 
which material present produces new substance. Hence e’' becomes the effi- 
ciency index. The similarity between growth and compound interest does not 
hold throughout the entire developmental period, however, as indicated by 
Glaser (1938), for the reason that, as time goes on, percentage production 
declines and eventually stops. 

Other investigators, including Bernard, Chodat, Loeb, Robertson,’ Hatai 
(1911) and Reed (1921) have considered rate of growth analogous to auto- 
catalytic reaction, and in certain instances (Reed & Holland 1919) actual 
curves of growth have been compared with calculated (autocatalytic) curves. 
They assumed that growth rate is analogous to the velocity of a monomo- 


;, , & ; ; 
lecular autocatalytic reaction; or V = -* k(a—a), where V = velocity of re- 
( 
action, x = size of the organism at time f, and a = final size. But as x increases, 

H a ‘i dr ’ 
the new substance produced also exercises a catalytic effect, hence 7 ka 
Lf 
ar 


; ; : ] 
(a—27). By integrating, Pearl and Reed (1923) derived log - 
a a-2xr 


When the organism is half grown (a/2), and hence when the reaction is 


= k’. 


half completed (duration being considered t’), by integrating, log —_ 

a-2z 
- K(t—t’). If this formula is applied to epochs in organic growth, the ob- 
served and caleulated growth curves exhibit a high degree of ‘‘closeness of 


fit.’” Such mathematical treatment appears, however, to have a limited use- 


‘See Thompson, l.c., pp. 256-258. 
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fulness when applied to total growth and, as Thompson (1945, p. 261) has 
emphasized, the modus operandi of growth still remains unexplained. 

As shown in figure 2, the green weight of substance produced increases 
progressively from the base of the stalk to the median stalk region, and then 
there is a progressive decrease. A similar relation between length of inter- 
node and position exists, as might be expected, although it is not shown, and 
if length is plotted against position the result is a sigmoidal curve. 

To express growth in the manner employed in figure 2, in preference to 
plotting elapsed time against either green weight, dry weight, or height, does 
not conform with the usual procedure. No single method of expressing 
growth seems entirely adequate and all are open to criticism. One reason for 
this situation is that the moisture content of leaves, and presumably of inter- 
nodes also, is known to differ at different stalk positions, the uppermost leaves 
containing the larger proportion of dry substance (Wolf & Jones 1944). 
Williams (1946), who studied the growth of Phalaris tuberosa L., coneluded 
that during early vegetative development leaf area and leaf weight are satis- 
facfory indices of growth but, all in all, amount of elaborated leaf protein is 
the more adequate index. 

As regards responses induced by topping, Avery (1934) demonstrated 
that increased leaf size in topped tobacco plants was not due primarily to 
production of new cells but to increase in volume of cells already present. 
Petrie, Watson and Ward (1939) concluded that when plants are topped, 
shifts in leaf area and in dry weight, that tend toward counter-balance, are 
induced. They expressed the opinion that assimilates destined to produce the 
inflorescence in non-topped tobacco plants either remained in the leaves of 
topped plants or a portion of the food was translocated to the roots. Increased 
leaf size, induced by topping, was explained by Wolf and Jones (1944), as 
a compensatory response, tending to follow Le Chatélier’s Law. 

The present observations on rate of leaf expansion and on the duration 
of growth are opposed to generally accepted beliefs as expressed by Wolf 
and Jones (1944) and they do not confirm the findings of Berthold (1929)* 
with tobacco. The lack of accord on these matters may most reasonably be 
ascribed to the fact that leaves are not ready to harvest as soon as they attain 
mature size. But there remains the probability that differences in cultural 
practices with different types to tebacco may account for differences in rate 
and duration of leaf expansion. 

Thompson (1945, p. 281) states that ‘‘we are at present little able to 
explain the characteristic form of the growth curve but for it we may hope 

* Berthold, T., Le., p. 55. ‘‘Die Wachstumsdauer der unteren Blatter der Pflanze ist 
am kiirzesten. Mit zunehmender Insertionshéhe bis zu den mittleren Blattern verlaingert 


sie sich. Zwischen den oberen und mittleren Blittern ist der Unterschied in der Lange des 
Wachstums meistens klein.’’ 
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to have some day a simple explanation.’’ The fact, as shown in figures 5 and 
6, that a shift in the curve, consequently a change in slope, can be induced 
by the removal of the floral-axis (topping) appears worthy of consideration 
in connection with this conclusion. The present observations leave no doubt 
that the change from an increasing to a decreasing velocity of growth of the 
tobacco plant is initiated by and controlled by mechanisms that attend the 
development of the flowers and seed pods. The primary causes are presum- 
ably hormonal, are produced by the tissues of the floral-axis, and these hor- 
monal substances tend to inhibit ‘‘ vegetativeness.’’ Such interpretation as- 
sumes that the factors which regulate vegetativeness also are hormonal. From 
these assumptions it follows that the point of inflection of the differential 
curves in figures 5 and 6 marks the period of occurrence in the plant’s devel- 
opment of an hormonal balance between ‘‘vegetativeness’’ and ‘‘reprodue- 
tiveness.’’ A small degree of support for this interpretation arises from ob- 
servations like those of Priestley and Pearsall (1922), who noted in studies 
of growth of roots of Tradescantia zebrina Hort. and tomato that decrease 
in velocity of growth is coordinated with the initiation of lateral meristems. 

On the other hand, the flowering and fruiting of plants has been ex- 
plained on the basis of a change in nutritive balance. It has long been known 
that the change from a vegetative phase or condition to a reproductive one 
is accompanied by a change in carbohydrate/nitrogen balance. Fisher (1916), 
for example, reported that vegetativeness is characterized by a carbohydrate 
content that is relatively low in proportion to the nitrogen content (i.e. there 
exists a low carbohydrate/nitrogen ratio), whereas the ratio is high when 
plants are in the reproductive condition. Corroborative evidence of such 
change in equilibrium has been found to occur in tomato (Kraus & Kraybill 
1918) and in wheat (Hicks 1928). There are some who interpret such change 
in carbohydrate /nitrogen ratio as the proximate cause of flowering, whereas 
others regard it as a more distally related factor in a concatenation of causes 
and effects. The interpretation of the latter group is strengthened by the fact 
that the carbohydrate/nitrogen ratio may not be uniform throughout the 
entire plant (Hicks 1938, Darkis et al. 1936). Quite commonly the samples 
used for analysis in appraising carbohydrate/nitrogen ratio have consisted 
of an aliquot from a composite of the entire plant rather than of particular 
parts or organs. When the samples are thus prepared the fact that chemical 
differences exist between organs or that such differences may be localized 
within an organ are quite completely obscured. This situation is shown in a 
striking manner by Andreadis et al. (1939) in their findings on the distri- 
bution of nicotine in the leaf of tobacco. They found that nicotine increases 
progressively from the base to the tip of the leaf, from the midrib to the 
leaf margin, and from the secondary veins toward the parenchyma tissues 
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most distant from these veins. These differences were of the order of twice to 
three times as much in one locus as in another. 

In the light of the varied approaches that have been made to problems 
of growth of cells, tissues, organs, or of the ontogenetic development of any 
organisms in its entirety, and to the interpretations of such studies, it be- 
comes axiomatic that growth is not to be regarded as a simple process, but 
as a complex of interdependent processes. There is little likelihood, there- 
fore, that by means of a simple explanation, as some investigators believe. 
growth curves will eome to be adequately understood. Rather it should be- 
come increasingly apparent upon reflection that, at least for the present, 
botanists should devote themselves to fundamental considerations of growth 
whether of roots, stems, leaves, flowers, or fruits, for by so doing they will 
contribute to a better knowledge of these growth complexes, and, as a con- 
sequence, it may become possible eventually to synthesize a broad, integrated 
growth principle or set of principles. 

The change in absolute velocity of growth near the median stalk region 
may also be basic to the primary grading or classification of cured tobaccos 
into the two grades ‘‘lug’’ and ‘‘leaf.’’ Lug grades of flue-cured tobacco are 
produced along the lower half of the stalk and leaf grades along the upper 
half, with some degree of overlapping in position occasioned by seasonal dif- 
ferences. The fundamental differences between these two grades are not be- 
lieved, however, to be causally determined by environment but by internal 
factors. Leaves belonging to the lug grade arise under the dominance of 
internal factors governing vegetativeness and those to the leaf grades under 
the dominance of internal factors*zoverning reproductiveness. These two 
groups of factors are not additive or augmentative in conditioning rate of 
growth but instead have a subtractive or oppositional effect. 

The designations ‘‘lug’’ and ‘‘leaf’’ have been established for a long time 
among tobacconists. How and why they were introduced is controversial, and 
no real purpose is served at this time by statement or opinions pertaining to 
this subject. The fact remains, however, that there are chemical differences 
in composition between leaves of these two grades, and between leaves of 
their subdivisions, in the case of flue-cured tobacco, as shown by Darkis et al. 
(1936). These chemical differences, to be sure, reflect metabolic or physio- 
logic differences during growth and maturation. 

The straight portion of the curve, as regards oriental tobacco, is clearly 
all-important. Further inerease in the production of quality grades of 
oriental types of tobacco would seem to be related to modification of cultural 
practices in such manner that rate of growth could be expressed as a curve 
that approximates through its entire length a straight line. To do this vegeta- 
tiveness should be enhanced at the expense of reproductiveness. If this pro- 
cedural approach is the correct one, then the ‘‘lug’’ zone might be further 
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extended, as should result, if flowering were delayed until essentially all the 
leaves had been primed. 

[f the critical point of inflection in the growth curve of tobacco is related 
to vegetativeness as opposed to reproductiveness, then for the first time a 
rather simple explanation is at hand for the characteristic growth curve of 
this species, and also for the first time there is established a morphologic basis 
for the primary grading of cured tobaccos. 

These observations on growth of oriental types of tobacco also suggest 
that growth curves might become useful aids in determining the extent to 
which quality and yield of tobacco of any type may be modified by different 
topping practices, by spacing, by the application of fertilizers, or by other 
cultural practices. 


SUMMARY 


A study has been made of the rate of growth in oriental types of tobacco. 
As anticipated, mass plotted against time is found to yield a characteristic 
sigmoidal growth curve, but mass plotted against stalk position yields a dis- 
tribution curve with a maximum in the median stalk region. The rate of 
growth of the stems or of expansion of the leaves when plotted against time 
also becomes a sigmoidal curve. 

The duration of the period of expansion of leaves borne at different stalk 
positions is quite alike. Rates of leaf expansion, irrespective of leaf position, 
when based on final size, are also quite alike. 

Removal of the floral-axis (topping) induces a change in slope of the 
growth curves as a result of disturbance of balance between the hormonal 
complex that controls vegetativeness and the complex that controls repro- 
duectiveness. 

The inflection of the growth curve at the median stalk position is inter- 
preted as being causally related to opposition between the hormonal factors 
that control vegetativeness and those that control reproductiveness. 

On the basis of such interpretation the leaves produced under the domi- 
nance of vegetativeness are in the ‘‘lug’’ grades, and under the dominance 
of reproductiveness, in the ‘‘leaf’’ grades. The proportion of lug and leaf 
grades and their quality are therefore, to a degree, controllable by cultural 
practices. 

It is suggested that growth curves might serve to aid in the interpreta- 
tion of results of various agronomic practices with tobacco. 

Duke UNIVERSITY 
DurHAM, NortH CAROLINA 
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A PHYSICAL ANALYSIS OF GROWTH AND STRUCTURE 
OF SOME GRASSES 


OTtTo STUHLMAN, JR. 


An expanding phenomenon in time is usually associated with organic 
erowth. As a first step there is the formation of new protoplasm, which is 
always accompanied or immediately followed by a permanent increase in 
the amount of non-living materials. Hence the growth of a plant consists 
primarily in the formation of new cells, of their enlargement and speciali- 
zation, so that ‘‘a quantity of growth’’ implies more than a simple progres- 
sive increase in size with an accompanying increase in mass, or decrease in 
density. Accompanying the physical changes in form and structure must be 
changes in internal stresses, which must manifest themselves as variations 
in the elastic constants of the material as the structure develops. 

In the growth process each section of the plant, in its development, has 
”? and 
its stage of maturation. These dynamie aspects of the growth processes have 


its formative stage, its elongative stage or ‘‘grand period of growth, 


been analyzed in great detail and with Buchanan (1) we may divide the 
whole period of growth into (a) a lag phase, (b) the phase of logarithmic 
increase, (c) the phase of retardation, (d) the stationary phase plus the 
alternate terminal phase of restoration (e), or decline (f). 

These phenomena constitute the generalized interpretation of a typical 
sigmoid growth curve usually expressed in terms of length or mass units 
as the dependent variable (green weight, dry weight, or height) plotted on 
the y-axis, and time as the independent variable plotted on the z-axis. In 
general, if the total increment of growth is plotted against time, the result- 
ing curve will be sigmoid in shape. On graphically differentiating such a 
sigmoid-shaped curve and then plotting the differential values as a function 
of time one obtains an asymmetric distribution curve, showing the increase 
in height, green weight, or size of leaves along the stalk of a plant, in terms 
of increments of time. The ascending phase of this distribution curve will be 
steeper than its descending phase. If, however, the sigmoid-Shaped curve 
is symmetrical (S-shaped) so that the point of inflection, where the change 
from an increasing to a decreasing velocity of growth is indicated, lies half- 
way up the curve, then the distribution curve is also symmetrical and 
approaches the form of the bell-shaped probability curve. 

Conversely, if a distribution of length, mass, volume or any other physi- 
eal characteristic of a completed structure, in the form of a mature plant, 
is graphically represented in terms of any independent variable, it should 
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be possible to obtain from such data a growth-characteristic of that plant. 
Graphically integrating such a distribution curve will reduce it to a sigmoid- 
shaped growth curve, if the distribution curve is asymmetric, or to the 
S-shaped counterpart if the distribution curve is symmetrical. 

The object of the analysis of grasses that follows is to show that the static 
physical or structural characteristics of a mature plant, after it has attained 
its ‘‘stationary phase,’’ can be used to obtain certain physical growth charae- 
teristics, providing the physical measurements can be represented as a distri- 
bution curve, when the distribution is independent of the time element 


‘ 


usually associated with a ‘‘quantity of growth.”’ 

Analysis of Arundo donax. One of the most stately of the ornamental 
grasses found in the southern United States is the giant reed (Arundo 
donax), often reaching a height of 20 feet or more, and topped with a gor- 
geous green-gray tassel. This giant reed is a member of the Class Monocoty- 
ledones. The most prominent physical feature of its slender stalk is its seg- 
mental division into a large number of tubular joints (internodes) between 
stiff cireular nodes. During growth the elongation of the internodes takes 
place at their bases where they contact the nodes and the base of the sheaths 
which surround the eylindrical internodes. 

On examining a very tall mature reed, one is struck by the architectural 
effects of the distribution of its nodes along the stem. The internodes are 
very short at the base, increase in length as we ascend the stem, and reach 
a maximum length at a point about one fourth of the way up the structure. 
This characteristic increase in length is followed by a distribution in which 
the internodes are progressively shorter until they terminate in an enor- 
mously elongated floral-axis surmounted by the tassel. 

In this ascending distribution of change in the physical characteristics 
of the internodes we have a static, but complete picture, of a phase of ‘‘ expo- 
nential increase,’’ followed by the static structure reflecting a phase of 
retardation. 

Figure 1 shows typical variations in the length of the internodes of 
Arundo donax in terms of the ascending position of the internodes along 
the stem. The data represent arbitrary samples taken from the same patch 
of grasses during each of three consecutive vears. We immediately note that 
the lengths of the internodes diverge more rapidly in the lower segment 
(phase of exponential increase) than they converge in the upper segment 
(phase of retardation). The discontinuity between the sequences is localized 
at the maximum of this distribution-in-length curve, which is usually found 
to be associated with the center of gravity of the reed, and will be referred 
to as the critical point or inflection point of the stem. 

If we determine the dry or green weight of the internodes with or with- 
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out attached leaves, and then graphically represent the green weight of the 
internodes and leaves, in terms of their ascending order, we obtain similar 
asyminetrical distribution curves, as shown in figure 2. They all indicate that 
the maximum length, mass, or volume (fig. 3), for any given stem, is always 
a common attribute of the same node lying at the critical point or point of 
inflection on the sigmoid growth curve. 

If we plot the total increment of length, of the same stem, as a function 
of the position of the internodes in ascending order, we obtain a typical 
sigmoid curve, as shown in figure 4, whose point of inflection coincides with 
the maximum (critical point) of the distribution curve of figure 1. The same 
type of sigmoid curve is obtained if a distribution curve of the form shown 
in figure 3 is graphically integrated, as shown by the broken curve in the 
same figure. Figure 3 illustrates the changes in volume of the hollow inter- 
nodes of Arundo donax in terms of the positional number of the internodes 
in ascending order, up the stem. 

If the form of the sigmoid curve, showing the variation of some physical 
factor as a function of time, is accepted as representing the dynamic growth 
characteristic in time, it should follow that if an identical graph is obtained 
by integrating a curve representing.a distribution in which the dependent 
variable (y-axis), is the same physical quantity as represented in the sigmoid 
curve, then the independent variable (z-axis) used in the distribution curve 
must be a function of time. In this way we may justify the use of the position 
of the internode, or distribution of substance along the stem as the indepen- 
dent variable, provided we limit the results to a qualitative interpretation. 

Thus a curve depicting the mass, length, volume or any other physical 
characteristic distribution, in a completed static structure (mature plant), 
as a function of the position of the internodes, the graph should indicate the 
same growth characteristics as its comparable sigmoid growth curve (fig. 3). 

Presentation of the data as a distribution curve has the advantage of 
showing more precisely where the growth changes from its major phase of 
exponential increase to its phase of retardation. Any irregularities occurring 
in either growth phase are also more easily identified in a distribution curve 
than in a sigmoid growth curve. 

Note for instance what appear to be irregular departures in the normal 
phase of retardation of the total mass of internodes with attached green 
leaves shown in curve A of figure 2. The enlarged insertion shows how these 
apparent irregularities near the twenty-first internode are in realify a local 
change from the phase of retardation to a phase of exponential increase 
followed by an appreciable compensation of greater retardation in the im- 
mediately following group of higher internodes. Such sudden changes in 
slope were always found associated with the presence of a bud or branch. 
Apparently such changes in slope must be attributable to the development 
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placing it under a compression load until fracture took place. The second, 
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of a secondary structure on the main stalk. The secondary structure appar- 
ently uses part of the available energy for its own growth, thus changing 
the rate of growth in subsequent higher internodes and their attached leaves. 

In support of this view may be cited the critical analysis of ‘‘the com- 
pound interest law and plant growth’’ by Blackman (2), who pointed out 
that the reproductive development usually oceurred during the period of 
deceleration in rate of increase in dry weight. The observations of Priestley 
and Pearsall (3), indicated that the decrease in the velocity of growth of 
the roots of Tradescantia zebrina Hort. and tomato could be coordinated 
with the initiation of lateral meristems. Pearsall (4) in his studies of the 
growth of cotton also attributed the decreased rate of growth of the stem 
to flowering. 

If the development of a bud or branch can cause local changes in the 
slope of the growth curve, it should follow that the predominant change in 
slope identified with thie critical point located by the maxima of the distri- 
bution curves, should be attributed to similar but more fundamental internal 
changes in the plant structure. 


Euler’s Column Theory Applied to Internodes. If the foregoing hy- 
pothesis is biologically acceptable it should follow that radical changes in 
the internal composition and structure of the stem, as reflected by changes 
in the elastic modulus of the material, should be found associated with those 
internodes which lie at the maxima of the length, volume, and mass distri- 
bution curves. 

To explore the possible changes in internal structure of the nodes along 
the stalk two structural tests were applied involving the modulus of rigidity 
of the material. The first involved examining the internode as a unit column, 








Explanation of figures 1-5 

Fig. 1. A distribution curve showing typical variations in lengths of the internodes 

of Arundo donax in terms of the ascending position of the internodes. M, the maximum, 
is the point of inflection of the equivalent sigmoid growth curve. Fie. 2. A distribution 
curve showing typical variations in mass of the internodes of Arundo donax. A, shows 
variations in total green weight, which includes weight of internodes, leaves and any 
attached buds. B, shows mass of internodes after leaves and buds have been removed. 
Insert shows in detail the change in slope of graph A, near the twenty-first internode due 
to the presence of a bud. Fi. 3. A, a distribution of volume of the internode as a fune 
tion of internode position. B, the graphical integration of curve A produces a typical 
sigmoid growth curve. Point of inflection B coincides with the maximum of the distri- 
bution curve. Fig. 4. A typical sigmoid growth curve obtained by plotting the total 
increments in length. The measurements were obtained from the same plant that is repre 
sented in figure 1 as a distribution-in-length eurve. Fie. 5. Contour of the z-axis and 
y-axis of a 17 em. internode of Arundo donax. The vertical seale shows that measurements 
were made at centimeter intervals. The horizontal axis is on a scale 1000 times greater 
than the vertical centimeter scale. The contours have the form taken by an elastic column 
under compression. 
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a more rigid and quantitatively interpretable process, involved a determi- 


nation of the elastic modulus of compression and then the evaluation of the 
compression modulus in terms of the ‘‘slenderness ratio’’ of the columns. 
This will give critical internal structural information about the stiffness of 
the internodes in terms of ratio of length to radius of gvration. From such 
data we can then draw quantitative conclusions about changes in internal 
structural properties of the internodes without resorting to the procedure 
of plotting a distribution curve in terms of the position of the internodes. 

It is proposed to examine the internodes under compression and deter- 
mine whether their yield stresses and their fracture stresses radically change 
as we pass from the lower segment through the critical point to the upper 
segment of the stem. 

The internode-structure closely approaches the form of cylindrical shells. 
Such a structure when put under compression in the direction of the longi- 
tudinal axis will at first bend and then fracture. This type of failure is that 
investigated by Euler in 1757, who showed that the strength depends on the 
ratio of length to radius of gyration of the evlindrical shell, and on the 
modulus of elasticity of the material. 

Euler sought, on theoretical grounds, to determine the least value that 
an axial load P (pounds or kilograms) must attain so that an elastic slender 
column will start to bend. Since a column buckles when the load is increased 
only a small amount above this value, then P is also the minimum load that 
the column can resist, so that the axial compression will make the column 
fail by buckling and not by erushing. This critical load for an ideal pivot- 
ended column was shown by Euler to be equal to 

vEI 
/? 
where P is the axial load in pounds, E the elastic modulus of the material 
expressed in pounds per square inch, J the moment of inertia of the cross- 


P 


section of the column about the neutral axis, and / its length. If a is taken 
as the area of the cross-section and r the radius of gyration of the eross- 
section about the neutral axis, then Euler’s column formula may be written 


P WE 


a | ly 

°) 

where //r is called the slenderness ratio of the column, and c¢ is a constant 

depending on the end conditions of the cylinder when the pressures are 
applied. 

From Euler’s equation we may expect P/a to be inversely proportional 
to the square of the slenderness ratio, (//r)?. By an increase in slenderness 
can be meant (a) an increase in / with r constant, (b) a decrease in r with / 
constant, (¢) or an increase in / and a decrease in r. 
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These theoretical results show that the only internal property of the 
material on which P depends is EZ, the modulus of elasticity, or stiffness 
(not rigidity ) of the material. Since the idealized end-conditions cannot be 
reproduced with plant structures as successfully as in the supports of 
columns used in engineering practice, and since the complexity of the fiber- 
structure of the shaft of the reed must certainly be taken into consideration, 
one can expect only limited agreement between an ideal cylindrical column 
and actual cylindrical plant structures. 

The first object is to determine to what extent the external structure of 
the internodes of Arundo donar resemble the idealized mechanical configura- 
tion of a uniform cylindrical column with proper end supports. 

If an internode is to be used as an ideal test-column then the external and 
internal radii must be constant throughout its length. The external contour 
of the internodes were therefore explored by means of a sensitive spring 
gauge, which was calibrated to read 1/1000 inch. The internal radius was 
explored by measuring the thickness with a screw gauge. To determine the 
degree of departure from a round column the internodes were mounted on 
a plane steel surface, and the change in height along a geometrical longi- 
tudinal axis was measured at centimeter intervals. The internode was then 
rotated to a 90°, 180°, and 270° position and variations in contour were also 
determined along these longitudinal axes. For convenience of notation the 
A-aris is taken as the longitudinal line on which the bud is located. The 
y-axis lies 90° anticlockwise, followed by the B-aris and z-axis, at 90° inter- 
vals. Figure 5 shows a typical series of contour measurements along the x 
and y-ares of an internode. This form of contour is typical of most of the 
longer internodes. The contours are typical harmonic curves, similar to those 
developed by elastic metal columns subjected to compressional forees. The 
internode, during its growth, seems to have been subjected to longitudinal 
stresses which in effect act as a deterrent to prevent the column from being 
perfectly cevlindrieal, or the leaf at the node seems to have acted as a cireular 
constrictor to produce these mathematically correct distortions. 

The over-all shape is very nearly cylindrical, as one can see from figure 5 
where the length is plotted in terms of centimeter intervals and the change 
in contour in 1/1000 inch units. The maximum over-all departure of this 
17 em. long internode, from a true cylindrical column, is a bulge of 5/1000 
inch located near its midpoint. 

Figures 6, 7, 8, and 9 show how thirty-eight successive internode-contours 
progressively change as we ascend the stem. The long internodes of Arundo 
donax lying above and below the critical point, that were subsequently exam- 
ined, never departed more than 6/1000 inch from true cylinders, a variation 
of not more than 4% from a true circular column. 

To a fair degree of approximation we can therefore proceed with the 
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compression tests assuming that the middle half section of an internode may 
be treated as if it were a hollow cylinder conforming nearly to Euler’s ideal 
eylindrical contour. 


Fracture Tests. Values of the slenderness ratio, //7, were next measured 
and identified with the internode position along the stalk. Here | represents 
the distance between two consecutive nodes and r the radius of gyration, i.e. 

>\2, (RP )2 

(Bi) ~ (Be) )° where R; and R, are the internal and external radii respec- 
tively. Typical results are shown in figure 10. The lower segment shows that 
the slenderness ratio increases as we ascend the stem, attains a maximum at 
the same critical point as the other physical factors and then decreases less 
rapidly in magnitude toward the top. This verifies the assumption that the 
stem, considered as a unit structure, is also characteristically divisible into 
two segments having very different internal structural characteristics. 

In order to explore this possible internal structural difference, the stems 
were cut into cylinders with a node at each end. Under these circumstances 
only every other internode could be examined. By this method nearly similar 
nodal end supports to all the columns were provided. Such columns were 
examined for ultimate strength (breaking load per original cross-section 
area) with a testing machine whose compressional force could be increased 
in 2-pound steps. 

Ultimate strength is defined as the greatest unit stress that the column 
can stand in compression without breaking. This is designated as P/a where 
P is the load in pounds and a the cross-sectional area of the hollow cylinder 
in square inches. 

The results were unsatisfactory because of the limited amount of data 
available from any one stalk, since alternate internodes had to be discarded. 
Much of the data was also found to be unreliable because of the great scatter 
of the points, but general trends were thus established. Later it was noted 
that the presence of lateral buds introduced large experimental errors. 
Another difficulty arose for the reason that the measurements could not be 


Explanation of figures 6-11 
Figs: 6, 7, 8, 9. These graphs show the progressive change in shape of the right hand 
vertical contour (fig. 5) of seventeen of the thirty-eight internodes of a tall stem of 
Arundo donax. Note that the contours of the enumerated internodes bulge less as we 
ascend the stem. They simulate the physical appearances. of a cylindrical rod under pres 





sure, responding to a progressive decrease in vertical load. Fie. 10. The slenderness 
ratio (l/r) of length to radius of gyration of the hollow cylindrical section of the inter- 
node is shown to have the form of a typical distribution curve. The departure from the 
smooth curve near the origin is due to the influence of a large bud. Fie. 11. A typical 
graph showing the progress of the flexure of a longitudinal axis of an internode of 
Arundo donax under compressional test. B is the yield point. In this sample, fracture 
occurred when a load of 65.5 kilograms was applied. 
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repeated, due to the destruction of the material on fracture. In general, 
however, the trend of the data indicated that the lower segment always 
showed a decrease in ultimate strength with increase in slenderness ratio 
while the upper segment showed a decrease in ultimate strength as the 
slenderness ratio decreased. The stem must therefore be rather stiff at its 
base, become less stiff as we ascend through the middle third, where it passes 
through a critical internal structural phase. Here the internode suddenly 
becomes even more stiff than those at the base and then they progressively 
become less stiff as we near the upper internodes. 

These results again support the assumption that the critical point of the 
distribution curve indicates a unique structural change due to some internal 
economy of the plant. 

From Euler’s equation we would expect the fracture tests of the inter- 
nodes to show that the product (P/a) (l/r)? is constant, assuming £, the 
modulus of rigidity, to have the same value for all internodes. The available 
data showed however that this relation was not constant for all the inter- 
nodes in any given plant. Under the circumstances it became necessary to 
determine the modulus of rigidity for every internode as we ascend the stalk 
to verify the suspicion that the trend in the value of EF must change radically 
at that internode identified with the apex of the distribution curve. This 
should lead to quantitatively interpretable results from which the internal 
structural quality of the plant material can be evaluated. 


Tests for Modulus of Elasticity. If we start with a simple short solid 
evlinder and subject it to an end-load having a very slight eccentricity, the 
short cylinder may be assumed to be in pure compression since its bending 
action may be neglected. If the cylinder is thought of as becoming longer 
(more slender) the tendency to bend becomes greater, until in the limiting 
case the column is so slender that bending or flexure is the only action that 
need be considered. The contour of the elastic curve that is generated as a 
result of the compressing force is similar to the shape taken by a slender 
stick when it is vertically compressed between the palm of one’s hand and 
the ground which supports its lower end. Any slender internode of the reed 
must bend in a similar manner if subjected to sufficient pressure directed 
vertically downward. 

To determine the magnitude of the modulus of digidity it is necessary 
to measure the buckling that takes place at right angles to the longitudinal 
axis of a cylindrical sample cut from the middle section of each succeeding 
internode. If these hollow cylinders are uniformly compressed in a testing 
machine, in the axial direction, symmetrical buckling with respect to the 
axis of the cylinder may start at a certain value of the compressive force 
which is called the critical load. 
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A sensitive (1/1000 inch or 1/100 mm.) spring gauge was used to 
measure the buckled deflection. The graph showing the relation between 
stress (load in pounds), and the strain (deflection in multiples of 1/100 mm. 
or 1/1000 inch), is shown in figures 11 and 12. The portion AB is a straight 
line, but BC is slightly curved, the lower side being the concave side. The 
point B, at which the strain begins to increase greatly for very little increase 
of stress, is called the yield point. 

Within the portion AB of the strain diagram the stress is proportional 
to the deformation produced, and the material may be considered perfectly 
elastic. The fact that the experimental values between A and B ean, to a 
close approximation, be considered as falling on a straight line, shows that 
within the elastic limit the deformation of the cylinder is proportional to 
the stress producing it, thus obeying Hooke’s law. This can be restated by 
saying that the ratio of the unit stress to the unit deformation is a constant, 
and this constant is known as the modulus of elasticity EZ, expressed in |b /in.? 
or kgm/mm.* Geometrically E is the slope of the line AB in figure 12. 

Figure 13 shows the values of E thus obtained from the successive inter- 
nodes of a single plant (Arundo donax) in terms of the height above ground 
at which the sampling took place. 

The modulus of elasticity of the lower internodes was found to be about 
1,600,000 lb/in.*, dropping to 400,000 Ib/in.? for internodes situated higher 
up the stalk. These values are of the same order of magnitude as those 
reported in the U. S. Forestry Cireular No. 15 for 32 samples of wood (40% 
moisture) varying from 2,500,000 for hickory to 910,000 Ib/in.? for white 
cedar. Schwendener (5) reports that the elastic modulus of bast from eight 
selected monocotylons is on the average about 2,000,000 Ib/in.? 

Since each successive internode furnished a test-column from which E. 
was determined, the values of E could therefore be identified with the posi- 
tion of the internodes in addition to their linear height above the ground. 
This made it possible to show the correlation between the lengths and posi- 
tion of the internodes and their changing values of FE. These relations are 
shown in figure 13, which also shows that the maximum of the distribution- 
in-length graph coincides with the minimum value of £ of the elasticity 
curve. 

The measurements indicate that the first internode possesses the greatest 
modulus of elasticity. As we ascend the stem the modulus of the internodes 
decreases as the internodes increase in length. The magnitude of the modulus 
passes through a minimum where the increase in length changes to a regres- 
sion in length of the internodes. This minimum value of E can always be 
correlated with the critical points of the distribution curves. 

Of special significance is the secondary decrease in the value of EF, which 
was always found when a bud appeared at a node. This is illustrated by the 
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Fig, 12. An example of the flexure produced in a cylindrical test sample taken from 
the middle section of an internode of Arundo donax. Note how elosely the data (AB) 
follow the straight line representing Hooke’s law. These are not typical data but an 
illustration of the best results that were obtained from samples cut from the internodes 
of Arundo donax. Beyond the elastic limit B, the departure from Hooke’s law sets in as 
shown by BC. Fic. 13. Curve A shows the general trend of the values of the elastic 
modulus 2. Note that the minimum value of E coincides with the maximum value of the 
length-distribution curve for the same stem. The presence of the 2 em. bud at B is reflected 
in the elastic modulus curve by the bulge at the sixteenth node. Fic. 14. a. Two nearly 
equally tall samples of Johnson-grass show identical distribution-in-length curves. The 
ascending phase of the deceleration in the upper segment at A is correlated with the 
appearance of branches at the sixth and subsequent higher nodes. b. The distribution-in- 
length and volume curves show identical forms despite the resurgence of growth at the 
seventh internode. 









































4 1947] STUHLMAN : GROWTH AND STRUCTURE OF GRASSES 227 


sudden decrease in FE at the sixteenth node, with which a 2 em. bud was 
associated. This latter decrease in the value of EF shows that the presence of 


a secondary structure, a lateral bud, reduces the stiffness of subsequent 
internodes because of modifications in internal physical characteristics, 
probably brought about by a shunting of some of the food supply into the 
attached bud. 
| If the presence of a bud ean be correlated with a definite change in the 
™ | structure, as reflected in the change of the modulus of elasticity, it follows 
that a much greater change in this elastic constant must indicate a more 
profound internal change in the structure of the main stem. Such a pro- 
| found change must therefore be associated with the critical change in the 

3 | lengths of the mternodes, correlated with the minimum of the elastic modu- 

Ses lus graph. 

7 From a physical point of view this critical change, at the twelfth node 
(fig. 13), from a decrease in stiffness to an increase in stiffness must there- 
fore indicate the origin of a change in the internal structure. Since no exter- 
nal structure, aside from the leaf growth, is ever found at this critical 
position, one might attribute the increase in the value of EZ to the inception 
of the floral axis at a node located within this critical region. The subsequent 
coaxial growth of the stem would then reinforce the structure while draining 
the food supply to inhibit the growth of the internodes, This situation would 
account for the increase in the value of the modulus of rigidity (stiffness) 
of subsequent higher internodes, after which the stiffness factor would again 
be reduced due to the presence of external secondary growths along the stem. 

Those samples which had buds associated with the higher nodes showed 
recurring decreasing fluctuations in the values of £. 
Due to the high elasticity of the material it was often possible to make 

n two consecutive measurements of E at two diametrically opposite places on 

the cylinder, so that occasionally two values of E could be obtained for the 

a same column. In such instanees (fig. 13) the graph was traced through the 

s mean values of E in order to show the general trend of the elastic modulus. 

" 

e Analysis of Sorghum halepense. In support of these analyses of 

: Arundo donar we may examine the structure of Johnson-grass (Sorghum 

* halepense). 

e The samples of Johnson-grass were gathered at random along a one-mile 

¢ path during July and September. Figures 14a and 14b show the distribution 


in lengths and volume of samples posessing very few branches. Figure 14 
indicates the distribution. in length of two nearly equally high grasses picked 
from a random collection. The uniformity of these samples is shown by the 
average graph drawn through the mean values of the lengths of the inter- 
nodes. Figure 14b shows the distribution in length of the internodes as com- 
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pared with their volumes. Their diameters were measured with a vernier 
caliper to the nearest tenth millimeter. The distribution is similar to that 
found for Arundo donaz, in that the maxima of the length and volume 
distribution curves are identified with the same internode. The ascent of the 
accelerating phase is, however, more linear, and neither does the deceleration 
phase proceed to the top of the stem as in Arundo donaz, but always passes 
through a minimum after which a secondary acceleration phase sets in, 
which terminates in the highest internode. This secondary accelerating 
growth phase has a smaller slope, i.e. its rate of growth is smaller than the 
primary growth phase of the lower segment. To a fair approximation both 
accelerating phases seem to have a common origin, which is located through 
extrapolation, at the ground level of the plant. 


Analysis of Bamboo. That this resurgence in growth activity is not a 
unique phase confined to the higher internodes of the upper segments of 
Johnson-grass is illustrated in figure 15, graph A. This shows the distribu- 
tion-in-length of the internodes in bamboo, as modified by the presence of 
branches. Here the resurgence takes place in the lower segment. It is corre- 
lated with the appearance of the first branches. Yater, it appears again at 
the node carrying two, and again higher up when the node has associated 
with it three branches. This is shown in greater detail in the insert of figure 
15¢ where the graph shows how the length of the lower internodes, just 
emerging from the root, rapidly elongates. With the appearance of a single 
branch at the seventh internode the length drops to a lower value, indicating 
the beginning of a slower rate of growth. It seems to indicate that the exter- 
nal growth is dissipating some of the available energy and hence the rate of 
growth of the stem from this point upward is reduced, as indicated by the 
change in slope. This critical retardation is also present where the change- 
over from a one-branch to a two- or a three-branch growth appears at the 
nodes, as illustrated in graph B of figure 15. The over-all shape of the growth 
curve of the plant as a whole has, however, not been submerged. It still pos- 
sesses, despite these superimposed secondary growth phenomena, the funda- 
mental characteristics of the basic distribution curve. 

The maximum of the distribution curve is hence indicative of a profound 
internal structural change, whose existence is not influenced by any secon- 
dary growths located either on the ascending accelerating phase, or descend- 
ing retardation phase of the plant. 


Analysis of Arundinaria macrosperma. Similar results are exhibited 
by the growth curves obtained from southern cane (Arundinaria macro- 
Spe rind), 

Without further comment figure 16 is presented to show how the lengths 
and volumes change with the internode spacing alon~ the stem of this cane. 
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hic. 15. Distribution-in-length curves for bamboo. A shows how the discontinuity in 
' the ascending phase is correlated with the appearance of branches. Figure 10 shows a 
similar variation due to the presence of a bud along the stem of Arundo donax. B shows 
how the over-all contour of the distribution curve is maintained despite the variations due 
to the presence of one, two and eventually three branches per node at the higher node 
levels. C shows the detailed variation in length due to branching. These data were 
obtained from three different plants. Fie. 16. An example of the length and volume 
distribution curves of Arundinaria macrosperma with the local effects of branching. Note 
how the extrapolation of the volume or length curve indicates the maximum or self-limit- 


ing number of internodes that can be attained at the close of its growth season. 
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The first branch of this grass was usually associated with the descending 
phase of the distribution curve. The insert in figure 16 shows how the pres- 
ence of the first branch effects the growth rate of the stem in its decelerating 
phase. The data also indicate no departure from the general contour of the 
distribution curve due to local changes in structure of the plant. 


SUMMARY 


The distribution in growth curves for the four grasses, Arundo donar, 
Sorghum halepense, Arundinaria macrosperma and a variety of bamboo are 
shown to indicate a higher degree of sensitivity for detecting changes in the 
rate of growth, than the conventional sigmoid form of the growth curve. 
The greater resolving power of the distribution curve allowed one to evalu- 
ate readily internal physical changes in the structure of these grasses in 
terms of the presence of external physical growth characteristics. 

From the internal structural evidence, in the form of the modulus of 
rigidity of the successive internodes along the stem, it was shown that minor 
changes in value of the modulus could be correlated with the presence of 
branches at the nodes. The major inflection at the maximum of the distri- 
bution in mass, length, volume or slenderness ratio curve was correlated 
with the major change in the values of the modulus of elasticity. These latter 
changes were attributed to the inception of the floral axis at the node lying 
nearest to the maximum of the distribution curves. It was found that branch- 
ing did not effect the over-all contour of the distribution curve. Instead, 
branching produced only local changes in the contour of the distribution 
curves. The appearance of a branch or bud at a node depressed the rate of 
growth and locally changed the elastic modulus. If the branch appeared at 
a low node the depression of the rate of growth was more marked than if the 
branches appeared at an upper node. 

The data support the assumption that the completed static structure of 
a grass, when analyzed in terms of the physical attribute of the internodes 
as a function of the numerical position of these internodes along the stem, 
reflected the growth-in-time history of the plant. 

Since none of the available data showed the accelerating phase of growth 
to be representable by a simple logarithmic function, it is suggested that the 
departure is due to the presence of secondary growths, which distort the 
expected ideal functional relation. 

The modulus of elasticity of Arundo donar was found to be about a 
million pounds per square inch, comparable to that of white cedar. Southern 
industries are probably not aware of the economic value and strength of 
this material. 

DEPARTMENT OF PHysics, UNIVERSITY OF NORTH CAROLINA 
CHAPEL HILL, NortH CAROLINA 
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LEAF ANATOMY OF STREPTOCHAETA AND THE RELATION 
OF THIS GENUS TO THE BAMBOOS'! 


VIRGINIA MICHAUD PAGE 


In connection with the study of the morphology of Streptochaeta, it was 
pointed out to me that the leaf-blades of Streptochaeta spicata contain a 
special kind of tissue composed of greatly enlarged eells which collapse at 
maturity. The study of these cells was approached with two objects in mind. 
In the first place the cells are of interest from the standpoint of develop- 
ment because of their extremely large size and the uniform way in which 
they collapse. In the second place the presence of similar tissues in bamboos 
and grasses of uncertain affinities presents an interesting problem in phy- 
logeny. Brandis (1907) has already described the characteristic pattern of 
bamboo leaves and has shown that leaves of members of the Phareae are 
very similar. I have been able to add Streptochaeta, Anomochloa, Pariana, 
Lithachne, Mniochloa, and Raddia to the list. Not only are the enlarged 
cells present in the leaves of all these grasses, but their leaf anatomy is so 
strikingly similar that one is forced to consider the possibility of relation- 
ship among them. 

Living material of Streptochaeta spicata Schrad. and Pharus latifolius 
L.. was available from plants growing in the Indiana University greenhouse. 
Through the kindness of Mrs. Chase of the National Herbarium, pieces of 
leaves were obtained from herbarium specimens of various species of bamboo 
and of Pariana zingiberina Doell, Leptaspis angustifolia Summerheyes and 
C. E. Hubbard. Dr. Smith of the Gray Herbarium has generously pro- 
vided herbarium material of Mniochloa strephioides (Griseb.) Chase, Raddia 
brasiliensis Bertol, Lithachne pauciflora (Swartz) Beauv., and several spe- 
cies of bamboo. Fixed material of Olyra heliconia Lindm., Pharus parvifolius 
Nash, and Streptochaeta Sodiroana Hack. was obtained from the collection 
of Dr. Weatherwax. Although scarcity of material prohibited my securing 
a piece of the only leaf of Anomochloa marantoides Brongn. in the National 
Herbarium, it was possible to discern the presence of the large mesophyll 
cells with the aid of a hand lens. Since most of this study dealt with leaves 
of S. spicata, the bulk of the discussion will be devoted to that species. 

The appearance of Streptochaeta is very unlike that of grasses native to 
the temperate zone. Like many tropical grasses it bears leaves whose blades 


1 The author gratefully acknowledges the guidance and encouragement of Dr. Paul 
Weatherwax who suggested the investigation of the collapsed cells. She is also indebted 
to Dr. Ralph H. Wetmore for reading the manuscript. 
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are large and broad. In general S. Sodiroana is a much more robust plant 
than S. spicata. The culms of the former stand about 1 meter high and its 
leaves average 25 cm. x 7 em. whereas S. spicata, whose leaves are 12.5 cm, 
.4.5 em. on the average, stands about 0.75 m. high. In both species there is a 
short, pubescent petiole between the leaf-blade and its sheath. Brandis (1907) 
pointed out that the midrib of bamboo leaves is usually larger than the other 
veins and contains several vascular bundles. The midrib of Streptochaeta 
leaf-blades is very distinct and in cross section protrudes from the upper 
side of the blade in the form of a keystone which becomes less noticeable 
towards the tip of the leaf. In S. Sodiroana numerous vascular bundles 
occupy the peripheral zone of the midrib, while two bundles, one dorsal to 
the other, lie in the center. The peripheral bundles are absent in 8. spicata, 
although the two (sometimes three) median bundles are present. Although 
all grass leaves are characterized by parallel longitudinal vascular bundles, 
the veins in the leaf-blades of most of the generally recognized tribes are 
connected occasionally by cross veins. In the leaves of most bamboos, Strep- 
tochaeta and the few genera mentioned above, these cross anastomoses are 
characteristic. 

Transverse sections of the leaf-blade (fig. 1C) reveal a pattern which 
emphasizes its resemblance to leaves of bamboo (fig. 3 C). When the leaf is 
mature, it contains six layers of cells: the upper and lower epidermis, three 
layers of chlorenchyma, and a special kind of tissue composed of very large 
cells. The upper epidermis consists of flat, laterally lobed, elongated cells 
interrupted by occasional stomata and trichomes. Stomata in the lower 
epidermis are more numerous and are arranged in longitudinal rows on 
each side of the longitudinal veins immediately above the special large cells. 
Next to the lower epidermis there is one layer of green cells, and below the 
upper epidermis there are two layers. These mesophyll cells are irregularly 
lobed or cleft and are so arranged that they surround numerous intercel- 
lular spaces. The upper and lower regions of chlorenchyma are separated 
by the layer of enlarged cells. These cells are elongated transversely to ap- 
proximately 4-6 times their height. 

A cross section does not present a continuous row of enlarged cells across 
the leaf, but an alternation of these cells (fig. 1 C, emc) with lobed chlo- 
renchyma cells (fig. 1 C, ech) and sheathed vascular bundles (fig. 1 C, p). 
There are usually four cells between the vascular bundles; two large cells 
separated by two chlorenchyma cells, although sometimes there may be only 
one or as many as three chlorenchyma cells or all the cells between the 
longitudinal veins may be enlarged. The bulliform cells occur just above the 
green cells which separate enlarged cells. 

A longitudinal section of a leaf of Streptochaeta presents a very differ- 
ent picture (fig. 1 B). In S. spicata the side walls of the cells, which in cross 
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section are elongated, are collapsed in such a way that the tissue appears 
as a row of ‘‘I’s.’’ Between the collapsed cells there are large spaces which 
connect with the intercellular spaces of the chlorenchyma and thence to the 
stomata. The enlarged cells are devoid of chloroplasts and contain only dead 
cytoplasm. The large cells fail to collapse in 8. Sodiroana. They die, but 
instead of caving in, they become very round and separated from one an- 
other (fig. 1.D), although they remain attached to the mesophyll above and 
below, and to the connecting chlorenchyma and the vascular bundles at 
either end. This same configuration is also found in the leaf-blades of Pharus 
latifolius, except that the large cells do not become separated to the extent 
that they are in S. Sodiroana. Occasionally the cells will collapse, in which 
ease they form the typical I-beam structure. In bamboos which have been 
examined the large cells collapse as they do in S. spicata. 

Studies on the ontogeny of the leaf of S. spicata reveal that some of the 
cells which are destined to collapse are determined soon after the leaf-blade 
is formed and arise in a definite relation to the longitudinal veins. Early in 
development the blade is composed of five layers of actively dividing cells. 
Differentiation of the main longitudinal vascular bundles oceurs first and 
the other bundles develop later. When the leaf blade is about half of a 
millimeter in width (fig. 2 A), only seven or nine bundles of provascular 
tissue can be discerned in cross section, whereas there are approximately 
forty bundles in the fully developed leaf. As the secondary veins develop 
from the middle layer, the cells adjacent to them begin to enlarge vertically 
at first and then laterally (fig. 2B). The enlargement of these cells seems to 
keep pace with the rapid increase in number of cells in the surrounding 
tissues and consequent increase in dimensions of the growing leaf. Some time 
during the initial enlargement of the middle layer of cells, cells in the layer 
immediately above divide horizontally forming the sixth layer (fig. 2C). 
Although the rapidly enlarging cells cease to divide in a lateral and vertical 
plane, they continue to divide in a direction parallel to the longitudinal 
axis of the leaf at the same rate as the embryonic chlorenchyma cells until 
cell differentiation begins. 

By the time the leaf-blade is about 3.5 mm. wide, all the vascular bundles 
have been determined, and there are usually four cells in the middle layer 
between every two bundles so that the pattern is essentially that of the 

Explanation of figure 1 

Sections of leaf-blades of Streptochaeta. A. Longitudinal section of portion of 
young leaf of S. spicata prior to collapsing of enlarged mesophyll cells. B. Longitudinal 
section of portion of mature leaf of S. spicata. C. Transverse section of portion of 
mature leaf-blade of S. spicata. D. Longitudinal section of portion of mature leaf-blade 
of S. Sodiroana, ch—chlorenchyma; cch—chlorenchyma connecting enlarged cells; 


eme—enlarged mesophyll cell; gce—guard cells; p—parenchyma sheath of vascular 
bundles; st—stoma: we —upper epidermis; vb—vascular bundles. 
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mature leaf (fig. 2). The middle two members (fig. 2 C, cch) of this quar- 
tet of cells cease enlarging as soon as they reach the dimensions of a mature 
chlorenchyma cell, while the outer two (fig. 2 C, em) continue to grow, 
The cytoplasm becomes highly vacuolated in the large cells as they increase 
in size, whereas it remains dense in the cells of the other lavers and of the 
developing vascular bundles until division ceases and differentiation begins, 

Up to the time the blade has emerged from the enclosing sheath of the 
next lower leaf and has begun to unfold, the enlarged cells of the middle 
layer are rectangular in shape in longitudinal section and their contents are 
alive. In surface view they are very long and narrow and are closely packed 
together. Their nuclei fill the entire width of the cell. At this time, longi- 





Fig. 2. Transverse sections of young leaves of S. spicata. A. Portion of leaf 05 


mm. broad showing formation of main vascular bundles. B. portion of leaf 2.1 mm. 
broad showing middle layer of mesophyll beginning to enlarge. C. Portion of leaf 3.5 
mm, broad showing adult pattern and formation of sixth layer of cells. em—enlarging 
mesophyll cell; ech—chlorenchyma cells connecting two enlarged cells; p—procambium. 


tudinal sections show small intercellular spaces between enlarged cells where 
the corners have become rounded and the walls separated. In general the 
nuclei of these enlarged cells are slightly larger than those of the embryonic 
chlorenchyma cells, although by the time they have reached their full dimen- 
sions, the nuclei of all the mesophyll cells are of approximately the same size. 

Just before or soon after unfolding of the leaf-blade, the enlarged cells 
appear to die, and their walls collapse. The regularity in form of the col- 
lapsed cells of the mature leaf seems to indicate that some force was oper- 
ating on all of them at the same time. The nature of this force has not yet 
been determined. 

The preceding description of the leaf anatomy of Streptochaeta spicata 
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presents a general picture of the bamboo type of leaf pattern. Brandis (1907) 
in his discussion of bamboo leaves listed several characters which distinguish 
them from those of other grasses. Among the most important are the fol- 
lowing : 

1. Full grown leaves flat, with a prominent midrib containing a number 
of vascular bundles in two lines. 

2. Stomata abundant on lower epidermis over chlorophyll parenchyma 
in longitudinal belts alternating with belts without stomata. 

3. Thick-walled lower epidermis with numerous protuberances. Upper 
epidermis generally smooth. 

4. Large apparent cavities in mesophyll between long nerves and bands 
of bulliform cells, which are filled by flat, thin-walled cells lying upon each 
other like the leaves of a book. (These are the collapsed enlarged cells). 
Walls of flat cells collapsing when leaf is full grown leaving large inter- 
cellular spaces. 

5. Chlorophyll tissue never limited to cylinders around vaseular bundles. 

6. All chlorophyll cells with peculiar folds in wall dividing each cell into 
a number of usually incomplete tubes. 

It must be emphasized that all these characters are not constant through- 
out the Bambuseae, nor are all peculiar to the tribe. For instance, in Chus- 
quea abutifolia Griseb. there is only one vascular bundle in the midrib. The 
lower epidermis in Chusquea sulcata Swallen is not papillate and the chlo- 
renchyma cells are only slightly cleft. The features which are most constant 
are the enlarged mesophyll cells, the arrangement of the stomata, the shape 
of the chlorenchyma cells, the presence of cross veins and in addition, the 
arrangement of the various tissues. The enlarged cells are usually collapsed, 
although in some species they remain distended. The deeply cleft chloren- 
chyma cells are flat in longitudinal sections and are compactly arranged in 
layers. There are five or six, or sometimes seven, layers of cells in the leaf. 
Above the enlarged cells there are two or three layers of chlorenchyma and 
below them one or two layers. Longitudinal bands of collapsed cells alter- 
nate laterally with vascular bundles and bands of chlorenchyma one or 
two cells wide in precisely the same manner as described for Streptochaeta 
(fig. 3C). 

As was mentioned in the beginning, several genera not included in the 
Bambuseae also possess these same leaf characteristics. These genera (fig. 3) 
include Pharus, Leptaspis, Olyra, and Diandrolyra as mentioned by Brandis 
(1907) and Lithachne, Mniochloa, Raddia, Pariana, and possibly Anomo- 
chloa. All these genera and Streptochaeta possess most of the features men- 
tioned by Brandis as being characteristic of bamboo leaves. The large meso- 
phyll cells which may or may not collapse and the spatial arrangement of 
veins, enlarged cells, and chlorenchyma as described for bamboo and Strep- 
tochaeta are characteristic of all eight genera. The chlorenchyma is arranged 
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Fig. 3. Transverse sections of portions of leaf blades. 
zingiberina. 


A. Olyra heliconia. 
C. Phyllostachys bambusoides (after Brandis 1907). 


B. Pariana 
D. Pharus parvifolius. 
emc—enlarged mesophyll 


cch—chlorenchyma cells connecting enlarged cells; 
Pp 


cells; 
parenchyma sheath of vascular bundles. 
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in layers above and below the enlarged cells rather than in cylinders around 
the vascular bundles as it is in many grasses of other tribes. In Pharus and 
Olyra the midrib contains two or more vascular bundles. In all the genera 
the stomata are arranged in longitudinal rows on each side of the vascular 
bundles and alternate with longitudinal bands of epidermis which are devoid 
of stomata. The chlorenchyma of Pharus, Leptaspis, and Streptochaeta 
differs from the typical bamboo type in that the tissue is less compact, the 
individual cells are not flat, and their lobes are spread out. The enlarged 
cells in Pharus and Leptaspis are of very great size, and the chlorenchyma 
connecting them is a vertical column one cell wide consisting of three or 
four very small cells (fig. 3D). In Pariana there may. be more than three 
chlorenchyma cells connecting the enlarged cells (fig. 3 B). 
In spite of minor differences in leaf structure between these grasses and 
the bamboos, the basic pattern is so similar that relationship is suggested. 
All the genera are of doubtful affinities and have been placed in various’ 
tribes depending on the interpretation of their spikelets. For example: the 
floral structure of Streptochaeta is such that an interpretation of it has 
been difficult. As a result there have been several explanations and the genus 
has been classified in almost as many ways as there are interpretations. 
Originally it was regarded as a special subtribe of the Bambusaceae by 
Doell (1880), whose opinion is upheld by Mrs. Arber (1929). Celakovsky 
(1889) and Goebel (1895) considered it very primitive and very close to 
the ancestral type of grass. Hackel (1887) assigned it to the Oryzeae, while 
Bentham and Hooker (1883) placed it in the Paniceae. The leaf anatomy, 
however, favors the opinion of Doell and Arber, and it will be shown in a 
later publication that the structure of the inflorescence may bear this out. 
Further study of the inflorescences of the other genera, keeping in mind the 
possibility of their affinities with the Bambuseae, may prove fruitful. 
INDIANA UNIVERSITY 
BLOOMINGTON, INDIANA 
AND 

BIroLogicaAL LABORATORIES, HARVARD UNIVERSITY 
CAMBRIDGE, MASSACHUSETTS 
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MEGASPOROGENESIS AND EMBRYO DEVELOPMENT 
IN TROPAEOLUM MAJUS L.' 


Rutu I. WALKER 


The mature eight-nucleate female gametophyte of Tropaeolum majus L. 
was described briefly by Woycicki in 1907 (5). Studies on the development 
of the embryo had been made much earlier. Wilson in 1843 (4) described 
a root-like process at the base of the bottle-shaped embryo from which two 
branches arise; one branch perforates the ovule below the micropyle and 
passes around the ovule in the carpel cavity; the other grows through the 
funiculus to the placental vascular bundle and downward to the point of 
union of the ecarpel and receptacle. Schacht in 1855 (2) reported the forma- 
tion of two ‘‘limbs’’ from an embryo body; one penetrating the ovary wall, 
the other growing through the micropyle and into the stylar canal. Observa- 
tions similar to those of Wilson were later confirmed by Dickson in 1872 (1). 
He found also that in T. peregrinum L. the first branch of the process grew 
only a short distance in the ovarian cavity and then penetrated the carpel 
wall, growing obliquely outward and downward, and that in T. speciosum 
Poepp. & Endl. the placental process did not develop. 


MATERIALS AND METHODS 


Material from two varieties of cultivated nasturtium, the single, climbing 
type and the ordinary double Golden Gleam, were used in this investigation. 
Flower buds of various ages, open flowers, and fruits in various stages of 
development were collected and fixed in Karpechenko’s modification of 
Nawaschin’s and formal-acetic-alcohol solutions. The material was embedded 
in paraffin and sections 10 to 30 y in thickness were cut, mounted, and stained 
with either Heidenhain’s iron-alum or Delafield’s haematoxylin. 


MEGAGAMETOPHYTE DEVELOPMENT 


The ovary contains from three to five ovules. Each ovule arises as a 
rounded mass of cells from the surface of the placental tissue at the base 
of a carpel, and continues to develop by nuclear and cell division. Growth 
occurs more rapidly on one side of the protuberance than on the other, with 
the result that the ovule bends toward the stylar end of the ovary (fig. 1). 

The inner integument arises from the ovule at a level immediately below 
the megaspore mother-cell and grows outward and forward around the 

1The writer wishes to express her appreciation for support of the work from the 
Wisconsin Alumni Research Foundation. 
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nucellus. The outer integument arises at a position below the inner integu- 
ment and grows forward shortly after the initial growth of the inner in- 
tegument. By the time the four megaspores are formed, the inner integu- 
ment, which is four cells thick, completely surrounds the nucellus and forms 
a short micropyle. The nucellus persists as a single layer of cells in the 
micropylar region. Cells at the base of the ovule undergo active mitosis and 
a massive chalazal region is formed. A single vascular trace is differentiated 
in the funiculus and forms a direct connection with the vaseular system of 
the ovary. 

A hypodermal cell at the apex of the nucellus is differentiated as an 
archesporial cell at about the time of the initiation of the integuments (fig. 
2). This cell funetions as the megaspore mother-cell and is easily distin- 
guished from the neighboring nueellar cells by its greater size and more 
deeply staining properties. The archesporial cell enlarges until it is several 
times as long as broad at maturity, the nucleus being in the mid-region of 
the cell (fig. 3). 

As a result of the meiotic divisions, a linear row of four megaspores is 
formed (fig. 4). Ovules were observed in which the four megaspores are not 
in a linear row (fig. 5). The chalazal spore of the row increases in size and 
forms the megagametophyte. The remaining three micropylar spores are 
nearly equal in size and disintegrate during the development of the mega- 
gametophyte. Many ovules were seen in which the nuclei of the micropylar 
megaspores had undergone division before disintegration, as is shown in 
figures 6, 7, and 10. 

The cytoplasm of the megaspore is highly vacuolate. The vacuoles coalesce 
as the cell grows, resulting in a large central vacuole at the time of the com- 
pletion of the first nuclear division (fig. 6). The micropylar nucleus divides, 
the plane of division being at right angles to the long axis of the mega- 
gametophyte; the chalazal nucleus divides also, the plane of division being 
transverse or parallel with the long axis of the megagametophyte. The nuclei 
resulting from these divisions are embedded in cytoplasm (fig. 7). One 
further division occurs (fig. 8) and four nuclei are formed at each ‘end of 
the cell (fig. 9); this is followed by cell wall formation. A typical seven- 
celled megagametophyte is formed, consisting of three antipodal cells at 
the chalazal end, two synergids and the egg of the micropylar end, and a 
large primary endosperm cell in the central region (fig. 10). The polar 
nuclei migrate toward each other, come in contact anterior to the mid- 
region of the cell and fuse to form a large primary endosperm nucleus (fig. 
11). The antipodal cells are small and may assume varying positions (figs. 
10, 11, 12). They distintegrate at about the time of fertilization. 

The egg apparatus consists of a large pear-shaped egg and two elongated 
synergids. During the earlier stages of development of a synergid, the 
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nucleus is centrally located and surrounded by finely vacuolate cytoplasm 
(fig. 13). A large vacuole appears at the micropylar end of the cell which 
later disappears and a new vacuole is formed at the base of the cell (fig. 14). 
Synergid nuclei appear to be in the process of mitosis although none was 
observed in which division was completed (fig. 15). The egg cell grows and 
the large basal portion extends into the megagametophyte beyond the syner- 
gids. The egg nucleus is located toward the basal portion of the cell and is 
embedded in cytoplasm. Starch grains are abundant in the cytoplasm sur- 
rounding the egg nucleus and in the young endosperm mother cell but none 
are present in either the antipodals or the synergids (fig. 11). 


FERTILIZATION 


Fertilization takes place from 12 to 19 hours after pollination. In this 
process the pollen tube grows through the micropyle and enters the mega- 
gametophyte between the two synergids. The synergids are not destroyed by 
the entrance of the pollen tube and may persist until the four-celled embryo 
stage (fig. 20). No early stages of the union of one of the male nuclei with 
the egg nucleus were observed. Figure 17 shows a young zygote nucleus in 
which the chromatic network of the male and female nuclei are indistinguish- 
able from one another. Two nucleoli are now visible in the zygote nucleus, 
the larger, the nucleolus of the female gamete, and the smaller, the nucleolus 
of the male gamete. The second male nucleus fuses with the endosperm. Divi- 
sion of the endosperm nucleus occurs shortly after fertilization. Often two 
or four endosperm nuclei are found before the first division of the zygote has 


oceurred. 








Explanation of figures 1-27 
Fig. 1. Longitudinal section of ovary showing young ovule. x30. Fie. 2. Young 
ovule with hypodermal archesporial cell. x 375. Fie. 3. Nucellus, megaspore mother-cell, 
x 375. Fie. 4. Linear row of four megaspores. x 375. Fie. 5. T-shape tetrad of mega- 
spores. x 375. Fies. 6-15. Stages in the development of the megagametophyte. Fis. 6, 
Two nucleate megagametophyte and disintegrating megaspores. x 375. Fie. 7. Four 
nucleate megagametophyte and disintegrating megaspores. x 375. Fie. 8. Third nuclear 
division. x 375. Fie. 9. Eight-nucleate megagametophyte. x 375. Fie. 10. Young mega- 
gametophyte before fusion of the polar nuclei. x 375. Fic, 11. Older megagametophyte, 
polar nuclei fused. x 375. Fie. 12. Antipodals of megagametophyte. x 375. Fie. 13. 
Young synergids. x 600. Fic. 14. Older synergids. x 600. Fie. 15, Still older synergids 

at time of fertilization x 600. Fie. 16. Mature megagametophyte. x 140. Fie 17. Young e 
zygote showing remains of pollen tube. x 600. Fie. 18. Two-celled proembryo, remains of 
one synergid. x 140. Fig. 19. Two-celled proembryo, nuclei in process of division. x 140. 
Fig. 20. Four-celled proembryo, remains of one synergid present. x 140. Fie. 21. Ver- 
tical division of haustoria cells. x 140. Fig. 22. Vertical division of apical and suspensor 
cells. x 140. Fie. 23. Further development of embryo, suspensor and haustoria. x 140. 
Fig. 24. The same. x 140. Fig. 25. The same. x 140. Fic, 26. Initiation of the first 


haustorium. x 140. Fig. 27. Older embryo, suspensor and haustoria. x 140. 
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EMBRYO DEVELOPMENT t 

The zygote divides transversely to form a two-celled proembryo, the two . 

. ° . . ss . . } 

cells approximately equal in size (fig. 18). Both cells divide to produce a ; 


linear row of four cells (figs. 19, 20). The embryo develops from the apical 
cell of the tier, the suspensor is formed from the subapical, and the haustoria 
develop from the remaining two cells. Further divisions occur in the four 
cells, the plane of division being first vertical and then horizontal (figs. 21, 
22), so that a 14- to 16-celled proembryo is formed (fig. 23). 

The basal cells of the proembryo continue to multiply more rapidly than 
the apical and suspensor cells, forming a wedge-shaped mass (figs, 24, 25, 


26, 27). Peripheral cells of this mass adjacent to the suspensor and on the 





—%s 


Figs. 28-32. x 25. Fic. 28. Longitudinal section of carpel showing outline drawing 
of embryo, suspensor and haustoria. Fi¢. 29. The same showing first haustorium in ¢ar- 
pel cavity.. Fie. 30. The same showing older stage of first haustorium in ecarpel cavity. 
Fig. 31. The same showing first haustorium in carpel wall. Fie, 32. The same showing 
growth of first haustorium in carpel wall. 


side opposite the funiculus become actively meristematic and a root-like 
haustorium is initiated which penetrates the integument near the micropyle 
and grows around the ovule in the carpel cavity and into the carpel wall 
(figs. 28, 29, 30, 31). Haustoria were observed penetrating the carpel wall 
opposite the micropyle (fig. 32). This was reported by Dickson as the char- 
acteristic condition for T. speciosum and T. peregrinum. 

Early in the development of the haustorium, the apical cells of the strue- 
ture are elongate in shape and contain dense cytoplasm with large nuclei 
(figs. 33, 34, 35). As growth continues, they become from three to seven 
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times as long as wide. The cytoplasm is coarsely vacuolate and giant nuclei 
appear to be undergoing mitosis although no division figures were observed. 
Nuclei similar to these were described by Woycicki (6) in 1907. 


two 


Ee a 
Shortly after the initiation of the first haustorium, a second protuberance 


arises from the peripheral cells nearest the funiculus (fig. 27). Multiplication 


ical 
ria 
of the peripheral cells continues until a wedge-shaped structure is formed. 


199 


- Figure 36 is a longitudinal section of such a structure as indicated at ‘‘C 

in figure 28. The innermost portion of this process is composed of large, ma- 
han ture cells, rectangular in section and with coarsely vacuolate cytoplasm ; the 
cells at the apical portion of the strueture are small with nuclei embedded 
in dense cytoplasm. As a result of the embryonic activity and elongation of 


25, 


the 
the apical cells (fig. 37), the second haustorium grows through the nucellus, 


the integument and the funiculus (figs. 28, 29, 30), and upon reaching the 

vascular bundle of the placenta, grows down along the side of the vaseular 

bundle of the raphe or between the component elements of the vascular 

\ bundle (fig. 31). The haustorium pushes aside the cells of the nucellus and 

integument until it comes in contact with the cells of the vascular tissue of 

the funiculus. During this development the peripheral cells of the basal 

portion of the placental haustorium grow also, especially in length, giving a 

finger-like appearance (figs. 30 ‘‘B,’’ 38). This elongation may be as much 

as three or four times the original size. A large basal vacuole develops in each 

“J cell and the nucleus becomes embedded in cytoplasm in the anterior region 
of the cell. 

The cells of the funiculus above the region where the vascular bundle 

curves and enters the ovule are filled with starch grains in the early stages 


MW 


of the development of the haustorium. In older stages, fewer starch grains 
are present. It is assumed that this starch is the main source of food 
for the developing haustorium until it reaches the vascular bundle, where 
ng nutrients may be absorbed directly from this tissue. As the apex of the 
ir- placental haustorium grows forward through the raphe (fig. 39), it does not 
necessarily grow directly downward but may grow in a curving manner (fig. 
40), thus increasing the absorbing area of the structure. 

The growth of the embryo and suspensor occurs concurrently with the 
xe development of the two haustoria (fig. 28 ‘‘D’’). The cells of the embryo 
le continue to divide and a spherical mass of cells is formed (fig. 41) which 
I later becomes somewhat pear-shaped, the apical portion being broader than 
I] the base. Cell divisons occur also in the supensor, the plane of division 
r- usually being transverse except in those cells adjacent to the embryo in 

which it is both longitudinal and transverse. A collar-like structure, com- 
- posed of elongated cells, is differentiated at the basal end of the suspensor 
‘I (fig. 42). The position of: these cells in relation to endosperm probably facili- 
n tates the absorption of the food materials (figs. 44, 45). The elongation of the 
suspensor pushes the embrvo into the endosperm. 
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The cotyledons appear as two lateral outgrowths at the apex of the 
embryo opposite each other (fig. 43). The epicotyl develops as a small out- 
growth between the cotyledons at the apex of the embryo. Basal cells of the 
embryo later form the hypocotyl (figs. 44, 45) The cotyledons elongate 
rapidly, forming two larger fleshy structures at maturity. A mature embryo 
showing the differentiation of vascular strands is shown in figure 46. 

The growth of the embryo is accompanied by inerease in size of the 
growing seed. The cells of the integuments and of the nucellus adjacent to 
the chalazal region multiply rapidly; the plane of division of the integu- 
mentary cells is such that it does not increase materially in thickness. The 
nucellus, which is wide at the base and tapers toward the micropylar end of 
the ovule, consists of an outer layer of small, densely staining cells and an 
inner layer of large, irregularly shaped cells, with central vacules and little 
cytoplasm. These become disorganized and are absorbed by the endosperm. 

The development of the embryo and surrounding tissue is dependent 
upon the nutrient materials brought into the ovule by the vascular tissue 
from the adjacent parts of the plant. In the early stages of growth some of 
the nutrients are stored as starch in the cells of the funiculus just above the 
entrance of the vascular bundle into the ovule. The greatest amount of starch 
is observed in these cells when the embryo is about five days old. As the 
embryo and haustoria mature, the food is digested and absorbed by the 
peripheral cells. During this time the endosperm develops slowly ; some of 
the nuclei are found in a thin layer of cytoplasm adjacent to the embryo, 
while others are embedded in dense cytoplasm contiguous to the nucellus 
(fig. 45). The endosperm remains free-nucleate throughout its entire develop- 
ment. No trace of the endosperm or nucellus is found at maturity and the 
seed consists of the embryo surrounded by the seed coat through which ex- 
tends the slender, thread-like haustorium. 


Explanation of figures 33-46 


Fic. 33. Detailed drawing of apical portion of young haustorium indicated at ‘‘A’’ 
in figure 28. x 140. Fie. 34. The same for older haustorium in carpel cavity as indicated 
at ‘‘A’? in figure 30. x 90. Fig. 35. The same for older haustorium in carpel wall as indi- 
eated at ‘‘A’’ in figure 31. x90. Fic. 36, Detailed drawing of placental haustorium as 
indicated at ‘‘C’’ in figure 28. x 140. Fieé. 37. The same for apical portion of an older 
placental haustorium indicated at ‘‘C’’ in figure 30. x 140. Fic. 38. The same for the 
basal portion of older placental haustorium as indicated at ‘‘B’’ in figure 30. x 140. Fie. 
39. Portion of mature placental haustorium adjacent to vascular tissue. x90. Fie. 40. 
Curving growth of placental haustorium. x90. Fic. 41. Detailed drawing of embryo and 
portion of suspensor as indicated at ‘‘D’’ in figure 28. x 140. Fie, 42. Detailed drawing 
of somewhat older embryo and portion of suspensor. x 140. Fie. 43. Embryo showing 
initiation of cotyledons and epicoty] and their relation to the endosperm. x 50. Fie. 44. 
Somewhat later stage showing embryo and endosperm. x 50. Fie, 45, Still later stage of 
embryo and endosperm. x 50. Fie, 46. Longitudinal section through maturing ovule show- 
ing embryo, suspensor and integuments, x 90. 







































































248 BULLETIN OF THE TORREY BOTANICAL CLUB [VOL. 74 









Abortive ovules commonly occur in Tropaeolum, especially in the semi- 
double Golden Gleam variety. Longitudinal sections of ovaries show that all 
the ovules of the ovary mature about the same time. Four days after polli- 
nation many of the young seeds possess well developed embryos; in others, 
syngamy has not occurred and the megagametophytes show signs of disinte- 
gration. The megagametophytes are much elongated; the egg and primary 
endosperm nuclei are highly vacuolate and the cytoplasm of the primary 
endosperm cell has almost disappeared. Nucellar cells are likewise in a state 
of disorganization. The walls of the cells adjacent to the megagametophyte 
are thick and have a callus-like appearance. With the increase in age of the 
ovary, the abortive ovule may enlarge for a time but much less rapidly than 
the fertilized ovule. Growth finally ceases and the ovule collapses and be- 
comes shrivelled in appearance. 


SUMMARY 


A single hypodermal cell is differentiated as an archesporial cell in 
Tropaeolum majus. This functions directly as the megaspore mother-cell. 

A linear row of four megaspores is formed. Occasionally megaspores may 
be in a T-shaped arrangement. 

The chalazal spore develops into an eight-nucleate, seven-celled mega- 
gametophyte; the other megaspores disintegrate. 

Syngamy occurs 12-19 hours after pollination. 

The synergids are not destroyed as a result of the entrance of the pollen 
tube and may persist for several days, then disintegrate. 

The antipodals disappear before syngamy. 

The zygote by transverse divisions forms a row of four cells. The embryo 
develops from the apical cell of the row, the suspensor from the subapical 
eell, and the haustoria from the two remaining micropylar cells. 

The haustorium which develops first penetrates the integuments below 
the micropyle and grows around the ovule in the carpel cavity and into the 
earpel wall opposite the chalazal region of the ovule. The placental haus- 
torium arises later, and grows through the integument and placenta to the 
point of entry of the vascular bundle of the raphe. The haustoria supply food 
to the developing embryo. 

The endosperm is free-nucleate and is absorbed by the embryo during 
the course of its development. 

The embryo develops in a typical manner having the lateral cotyledons, 
a terminal epicotyl, and a hypocotyl. 

Some ovules may abort through the failure of syngamy. 

DEPARTMENT OF Botany, UNIVERSITY OF WISCONSIN 
MILWAUKEE, WISCONSIN 
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HIPPEASTRUM SOLANDRIFLORUM: ITS CHROMOSOMES 
J. T. BALDWIN, JR. AND BERNICE M. SPEESE 


Hippeastrum solandriforum (Lindl.) Herb. is found from Brazil to 
Colombia and the Guianas (Macbride 1936) and, according to the inter- 
pretation of Herbert (1837), occurs in several varieties. It was introduced 
into cultivation in 1820 (Baker 1888) and has been fised to a considerable 
extent in wide crosses, as have many representatives of the genus. Indeed, 
Bailey (1938) states : ‘‘ Most of the hippeastrums in cultivation are probably 
hvybrids.’’ 

E. P. Killip identified Baldwin 3099, now in the U. S. National Her- 
barium, as H. solandriflorum: in flower, September 26, 1943, Braco, Rio 
Arinos, Matto Grosso, Brazil. The specimen rather well matches plate 3771 
in Curtis’s botanical magazine for 1840; that illustration is based on a eol- 
lection made by Schomburgk in British Guiana. In May, 1946, a bulb from 
the Rio Arinos produced a flowering plant (fig. 1) under greenhouse con- 
ditions in Virginia, and, after the scape had withered away, gave rise in 
September, 1946, to a pair of narrow leaves edged with red. The mature 
capsule was reddish. Seedlings were grown from that plant. 

The senior author found H. solandriflorum at three places in Matto 
Grosso: at Braco, in a sandy area near the Rio Arinos and where grasses. 
sedges, and trees (among others Hancornia speciosa Gomes) are seattered; 
shortly downstream from Salto Bello on the Rio Sacre; and near Rosario 
Oéste, across the southern rim of the Amazon Basin, in sandy soil that be- 
comes closely packed when dry and where Arachis sp. grows.’ The hip- 
peastrum was in blossom in September and October, 1943. The flowers were 
extremely showy. No leaves were present. Populations were large. In two 


years (1942-1944) of almost continuous travel throughout the Amazonian 


1 It is worthy of record that in September and October, 1943, Arachis was observed 
in flower on the outskirts of Rosario Oéste and also where the road leading northward 
from that town crosses the rim of the Amazon Basin. The plants of that rim seem in great 
measure different from those constituting the flora of the regions to the north and south 
of the rim. On December 3, 1943, in Matto Grosso, flowering specimens were obtained 
for A. marginata Gardn. at Tres Lagéas (Baldwin 3139), for A. Diogoi Hoehne at Campo 
Grande (Baldwin 3140), for A. marginata Gardn. at Corumbé (Baldwin 3141): identi- 
fications were made by F. C. Hoehne and E, P. Killip. The two collections designated 
A. marginata are of at least varietal difference. The specimens are in the U. S. National 
Herbarium, The subterranean fruit of Arachis, like the pronounced underground develop- 
ment of Macrosiphonia longiflora (Desf.) Muell. Arg., of Anacardium pumilum St. Hil. 
and of many other plants of that region, is apparently an adaptation to dryness. Fire 
may well have served as an agent of selection. 
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Fic. 1. Hippeastrum solandrifiorum (Lindl.) Herb.; inset photographed slightly 


under natural size and reduced about 4 in reproduction, 
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region and in some of the country immediately south of the Basin, no more 
impressive assemblages of bulbous plants than these were seen, unless, per- 
haps, the stands of Zephyranthes along the Rio Cuyaba be excepted. 

The perianth of H. solandriflorum is greenish yellow and reaches a length 
of eight inches. Two or four flowers are borne on a scape, which may attain 
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Fies. 2-4. Chromosomes of Hippeastrum solandriflorum, x 1100. Fig. 2. Metaphase 
from root of Rio Arinos plant with chromosomes distributed in drawing: 2n=22. Figs, 
, 4. Alignment of metaphase chromosomes of two seedlings of Rio Arinos plant. Figure 
has unequal pair of chromosomes present, as in parent. Figure 4 has no unequal pair 
of chromosomes. 
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a height of two and a half feet. The flowers are at tirst erect but with ma- 
turity turn downward. The spathe soon wilts. Leaves are produced later and 
may reach a length of one and a half feet (Baker 1888) : those of our plant 
are in November, 1946, not yet six inches long. 

Because the Rio Arinos collection had not been ‘‘contaminated’’ through 
eultivation, it was decided to investigate the chromosomes of that plant and 
of some of the seedlings raised from it. Preparations were made by the junior 
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author. Roots were treated with colchicine, fixed in Carnoy’s solution (3 
absolute aleohol : 1 chloroform : 1 glacial acetic acid), and smeared in propio- 
earmine. 

H. solandriflorum from the Rio Arinos has a 2n-number of 22 (fig. 2). 
The plant investigated has one unequal pair of chromosomes. Five of the 
seedlings grown from that plant have been cytologically studied. Four of 
them are like the parent, with three pairs of chromosomes in the A group 
(which has a short short arm), four pairs in the B group (with a longer short 
arm), three pairs of approximately isobrachial chromosomes in the C group, 
and an odd pair with one chromosome of the B type and one of the C (fig. 3). 
Classification into groups is arbitrary but convenient. Obviously, chromo- 
somes in different roots and at different mitotic stages exhibit varying de- 
grees of contraction when treated with colchicine. The fifth seedling has no 
odd pair of chromosomes (fig. 4) : three pairs are in group A, four in group 
B, four in group C. If additional seedlings were studied, individuals with five 
pairs of B-type chromosomes would probably be encountered. Similarly : if 
the cytological structure of the Rio Arinos population of H. solandriflorum 
were to be analyzed with respect to the classification of chromosomes given 
here, it would be expected that a great—but unpredictable 





percentage of 
the individuals would have a pair of chromosomes made up of B and C 
members. 

Not many reports of chromosome numbers for Hippeastrum have been 
made: 


» 


2n 
H. rutilum 44 Saté (1938) 
H. rutilum fulgidum 24(?) Heitz (1926) 
H. vittatum Herb. 46 Nagao & Takusagawa (1932) 
a7 44 Inariyama (1937) 
6 | } 44 Saté (1938) 
H. hybridum 44 Inariyama (1937) 


Inariyama (1937) and Saté (1938) suggested that their plants were tetra- 
ploid ; the latter author classified the chromosomes as to types. H. solandri- 
florum from the Rio Arinos is accordingly diploid. A program of hybridi- 
zation based upon a cytological knowledge of the various species of Hip- 
peastrum should be most productive both of scientific and of horticultural 
results. 

SUMMARY 


Populations of Hippeastrum solandriflorum (Lindl.) Herb. were ob- 
served at three places in Matto Grosso, Brazil. A single plant from the Rio 
Arinos was ecytologically studied. It is diploid with a 2n-number of 22 chro- 
mosomes, which can, on the basis of centromere location, be arbitrarily 
grouped into classes A, B, and C; one chromosome pair, with B and C mem- 
bers, is unequal. 
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Four of the seedlings grown from the wild plant and investigated were 
found to be like the parent in having a heteromorphic pair of chromosomes, 
The fifth seedling examined has no unequal pair of chromosomes: a C chro- 
mosome has been substituted for the odd B. If additional seedlings were to be 
studied, it is likely that individuals with a B chromosome -replacing the odd 
( would be discovered. Accordingly, a considerable number of the plants 
in the Rio Arinos population should have an unequal pair of chromosomes 


made up of B and C members. 


COLLEGE oF WILLIAM AND MARY 
WHILLIAMSBURG, VIRGINIA 
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) be ALASKA AND YUKON SPECIES OF RUBUS SUBGENUS 
xd CYLACTIS FOCKE 
nts 
nes J. P. ANDERSON 
In studying the genus Rubus for the purpose of writing the manuscript 
for the Flora of Alaska and adjacent parts of Canada the writer became 
aware of the differences in treatment of certain groups within the genus 
by our very best authorities. This is especially true of the species closely 
related to R. articus L. Dr. L. H. Bailey,’ the leading American authority on 
the genus, believes that the true R. articus does not oceur in North America 
ahl, and includes all American forms of this type in R. acaulis Michx. Dr. Eric 
Hultén? of Sweden, the world’s leading authority on arctic and boreal plants 
or in general, includes most of the collections in R. arcticus but also recognizes 
R. acaulis and hybrids between the two. Bailey describes a new species, R. 
alaskensis, which Hultén regards as a hybrid between R. articus and R. stel- 
sot. latus Smith. After a study of more than three score sheets in my collections, 
mostly from Alaska but some from Yukon and other parts of northern 
ae 


Canada, I have come to the following conclusions. 

Rusus articus L. does occur in North America and R. acaulis Michx. 
should be regarded as a synonym or at best only a forma or subspecies of it. 
Many intermediate forms occur. If R. acaulis is regarded as a separate entity 
these intermediate forms may be regarded as hybrids, but it seems doubtful 
if the differences between the two types are sufficient to warrant the separa- 
tion. Many other species of plants show a similar wide variation. 

RuBUs ALASKENSIs is a good species. When Dr. Bailey described this spe- 
cies he had before him three of my collections. No. 2A128 collected on a 
muskeag 11 miles northwest of Juneau, no. 955 collected at Matanuska, and 
no. 1378 collected in the valley of the Little Susitna River a short distance 
above where its canyon emerges from the foothills of the Talkeetna Moun- 
tains onto the level stretches of the Susitna-Matanuska valley. Since then I 
have made additional collections, no. 6981 at the type locality, no. 6989 
several miles up the same valley, no. 7208 at Curry, no. 7606 at Talkeetna. 
It is most common at Talkeetna. Hultén accounts for the large size of this 
form by hybrid vigor. I do not think that this is at all probable. Rubus stel- 
latus is common in the Pacific coastal areas of Alaska but of very scattered 
occurrence in the interior. R. arcticus is common in the interior but reaches 


1 The Genus Rubus in North America. Gent. Herb. 5: 24-30, 34-38, 40. 
2 Flora of Alaska and Yukon. Lunds Univ. Assrk. NF. Avd. 2. 421: 992-997, 1005- 
1007. 
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the Pacific coast only at the head of deeply penetrating inlets. Occasional 
crosses of R. arcticus and stellatus are found that show no noticeable increase 
in vigor. It therefore seems unreasonable to assume that hybrids of these two 
species which are usually less than 20 cm. and often less than 10 em. tall, 
and both wholly herbaceous, should in a few instances give rise to a form 
usually woody at the base and up to 52 em. tall. When I collected the type 
number I was so impressed with the size, vigor, and some of the other char- 
acteristics of the plants that I thought it might be a cross of the large species 
with perennial canes, Rubus spectabilis Pursh, which was growing near by, 
and R. stellatus. The distribution of R. alaskensis is also unfavorable to the 
hybrid hypothesis. All the specimens except 2A128 were collected in a strip 
along or near the Alaska Railroad less than 100 miles long in south central 
Alaska. No R. arcticus is known within 50 miles of the place where 2A128 
was collected. The leaves and general appearance of R. alaskensis are distine- 
tive as compared to its assumed parents. In my opinion no. 955 cited by 
Bailey is R. alaskensis x arcticus. All the other numbers cited are typical 
Rubus alaskensis. 

Regarding the other two species of the subgenus Cylactis in Alaska and 
Yukon there is no controversy. I collected Rubus pubescens Raf. at Watson 
Lake in Yukon territory but it is not known to reach Alaska. Rubus pedatus 
Smith is common in the Pacific coast regions of Alaska. The five species of 
the subgenus occurring in Alaska and Yukon may be keyed as follows. 


1A. Flowers pink or red. 


LB. Leaves 3-lobed. R. stellatus. 
2B. Leaves trifoliate. 
10. Stems 3-25 em. tall, entirely herbaceous and slender. R. arcticus. 
2C. Stems 20-50 em, tall, stout and often woody. R. alaskensis. 


2A. Flowers white. 
1D. Stems slender and creeping, rooting at the nodes, leaves appearing 


5-foliate. R. pedatus. 
2D. Producing runners but flowering stem arising from the crown, leaves 
3-foliate. R. pubescens. 


Borany DEPARTMENT, Iowa STATE COLLEGE 
AmMEs, Iowa 
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PLANTS OF IMPORTANCE IN THE BREEDING OF 
ANOPHELES ALBIMANUS WIED. IN PANAMA' 


SAMUEL LEWIs MEYER 


In Panama, as elsewhere in the Caribbean region, the most important 
vector of malaria is Anopheles albimanus Wied., a ‘‘ white-footed’’ mosquito 
of the group Nyssorhynchus. It is a medium-sized, grayish mosquito which 
is common in the lowlands of the Caribbean region. its distribution ranges 
from Sinaloa, Mexico, to Guayaquil, Ecuador ; along the Gulf coast from the 
lower Rio Grande Valley, Texas, south and east to Surinam; and in the 
West Indies, except Martinique, St. Lucia, Grenada, and Trinidad (Ross & 
Roberts 1943). The adult is a strong flier and bites man freely. 

Anopheles albimanus breeds in a variety of habitats, including fresh to 
brackish water, but more abundantly in full sunlight in bodies of water 
where there are floating mats of vegetation. Within the vegetation mats, the 
larvae are protected from such natural enemies as surface-feeding fish of 
various kinds and, at the same time, find an abundant supply of food (Roze- 
boom 1941). Gatan Lake, the Gatan River, and the Chagres River contain 
extensive ‘‘floating islands’’ of vegetation which serve as breeding grounds 
for Anopheles albimanus. 

In 1944-45, the writer served with the Army School of Malariology in 
the Canal Zone. At that time, the opportunity was presented to observe 
the composition of the vegetation mats in the Gatin River and the Chagres 
River, and the relative importance of the various aquatic plants composing 
the mats in the breeding of Anopheles albimanus. The results of those obser- 
vations are reported here. The nomenclature used with reference to mos- 
quitoes follows Komp (1942). 

It is a well known fact that Anopheles albimanus breeds in various 
types of floating aquatic vegetation in the Canal Zone. Curry (1934) pointed 
out that Eichhorma crassipes (Mart.) Solms, £. azurea (Swartz) Kunth, 
and Pistia stratiotes L. were present in abundance in Gattin Lake but stated 
that the aquatic plants of greatest importance in anopheline breeding were 
Utricularia mixta Barnh. and several species of Chara L. The latter plants 
were said to provide optimum conditions for the breeding of anophelme 
mosquitoes that require sunlit waters. This was especiaily true of mosqui- 
toes of the Nyssorhynchus group to which Anopheles albimanus belongs. 


1 Contributions from the Botanical Laboratory, The University of Tennessee, N. Ser. 
No. 95. 
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The observations of Curry (1934) with reference to Utricularia and 
Chara are of particular interest. Matheson (1930) had suggested that 
Utricularia deserved more consideration as a possible agent in mosquito 
control since larvae were captured in the bladders. Curry, however, pointed 
out that the surface-feeding and floating habits of anopheline larvae would 
render them very little susceptible to capture by the submerged traps of 
Utricularia. Matheson also reviewed the conflicting literature with reference 
to the influence of Chara on the development of mosquito larvae. Some 
workers had indicated a marked inhibitory effect; others observed that the 
Characeae had little, if any, influence on mosquito breeding. Experimental 
results of Matheson and Hinman (1929) indicated that certain vigorously 
growing species of Chara in some way prevented the development of larvae, 
while Matheson (1930) observed that oviposition did not take place where 
the growth of Chara was vigorous. Curry (1934) stated that in tropical and 
subtropical regions the Characeae favored the development of mosquitoes 
and that the aquatic flora of Chara and Utricularia in Gatin Lake provided 
a breeding place for vast numbers of anophelines. More recently, Rozeboom 
(1941) reported the Characeae, Utricularia, and Najas to be especially 
favorable for the development of Anopheles albimanus. 

The great vegetation mats in the Chagres and the Gattiin Rivers are com- 
posed of a relatively small number of species of vascular plants. 

Eichhornia crassipes (Mart.) Solms, the common water-hyacinth of South 
America which has become naturalized in Panama as in some parts of the 
United States, and FE. azureus (Swartz) Kunth, the native water-hyacinth 
of Central America, are found in great abundance. Barber and Hayne 
(1925) have found anopheline breeding among F£. crassipes in the southern 
United States while Eyles and Robertson (1944) reported the same species 
to be associated with Anopheles quadrimaculatus Say in the southeastern 
United States. 

Pistia stratiotes L., the water lettuce, is also present in the vegetation 
mats. It is widely distributed in tropical regions and seems to be extremely 
favorable to insect life (Dunn 1934). Though undoubtedly much more 
intimately associated with the breeding of Anopheles triannulatus Neiva & 
Pinto (Curry 1932; Komp 1942), larvae of Anopheles albimanus have been 
collected from the crowns of Pistia stratiotes in the Canal Zone (Zetek 1920). 
It should be noted that Anopheles triannulatus, formerly known as A. bach- 
manni Petroechi, is of no importance as a vector of malaria in Panama. In 
Brazil, Bachmann (1921) found that mosquitoes appeared to avoid Pistia 
stratiotes. 

Cabomba aquatica Aubl., listed by Standley (1928) as the only Central 
American species of fanwort, is sometimes found in the mats. 

Jussiaea natans H.B.K. is a common floating plant of the Chagres River 
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and Gattin Lake. It is sometimes found in the vegetation mats. In Panama, 
larvae of Anopheles triannulatus are found along the floating stems (Komp 
1942). In the southeastern United States, Anopheles quadrimaculatus has 
been found in association with Jussiaea diffusa Forsk. and J. grandiflora 
Michx. (Evles & Robertson 1944). 

The water ferns, Azolla Lam., possibly more than one species, and 
Salvinia natans L., are often present, sometimes in sufficient quantity to 
cover considerable areas. Matheson (1930) ealled attention to the conflicting 
observations made on the influence of various species of Azolla on mosquito 
breeding. Some investigators have found species of Azolla to be effective 





Fig. 1. A view of the Gatin River showing a ‘‘ floating island’’ of vegetation, com 


posed principally of Najas L. 


in preventing anopheline breeding while others have observed a favorable 
influence. 

The most important component of the vegetation mats in the Chagres 
and Gatiin Rivers is Najas. It is present in such quantity as to cover exten- 
sive areas of water surface (fig. 1). One collection from Gatan Lake and 
another from the Chagres River have been identified by Clausen (1946) as 
Najas arquta H.B.K., a South American species. The collection from the 
Chagres River was made by Lt. Harold Trapido, of the Gorgas Memorial 
Laboratory. Clausen states that ‘‘according to Lt. Trapido N. arguta is a 
dominant feature of the aquatic flora of the Chagres River and Gatan Lake, 
also it is the principal breeding place of Anopheles albimanus.’’ Whether 
the Najas in the Gatin River is the same species and whether more than 
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one species is present in Gatun Lake, the Gatan River, and the Chagres 
River is not yet known. There is no doubt but that at the present time the 
most important plant in the Canal Zone from the standpoint of its relation 
to the breeding of the malaria vector is Najas. The ‘‘ floating islands’’ of that 
plant provide a breeding place for incaleulable thousands of anopheline 
mosquitoes. 

No mention has been made of Utricularia or members of the Characeae. 
The writer had no opportunity to study the vegetation of Gatin Lake. It is 
not known whether the Utriculariaceae and Characeae were ever present 
in such quantity as to be of significance in anopheline breeding in the 
Chagres and the Gatan Rivers. If that were ever the case, they have now 
almost completely disappeared and in those areas would certainly no longer 
be a factor. 

It is important to note that Curry (1934) does not mention Najas as an 
important component of the vegetation mats in Gatan Lake. Clausen (1946) 
cites Lt. Trapido who terms Najas arguta H.B.K. the ‘‘dominant feature of 
the aquatic flora’’ of that part of the Panama Canal system. This indicates 
that great changes in the composition of the flora of Gatan Lake and, pos- 
sibly also, the Gatan and Chagres Rivers may have taken place. It is of 
interest to note in that connection that Curry called attention to the fact 
that water lettuce had flourished in Gatan Lake for several vears and then 
had ‘‘spontaneously and for some unknown reason’’ almost disappeared. 

A factor in producing changes in the observable vegetation pattern of 
Gatan Lake may have been the erection of Madden Dam across the upper 
Chagres, a possibility which was recognized and suggested by Curry at the 
time of its construction. The dam has provided less fluctuation in the water 
level of the lake and thus there may be less Chara and Utricularia exposed. 
At the same time, the reduction in the fluctuation of the water level has 
apparently provided excellent conditions for the growth of Najas. 

These observations on the composition of the vegetation mats of two of 
the rivers of Panama illustrate not only the important role which aquatic 
vegetation may play in mosquito breeding but also show how the botanist 
may serve with the entomologist, the parasitologist, and the engineer in 
attacking the malaria problem. 


SUMMARY 


The most important vector of malaria in Panama, as in the entire Carib- 
bean region, is Anopheles albimanus Wied. It breeds in a variety of habitats, 
including fresh to brackish water, but most abundantly in full sunlight in 
bodies of water where there are mats of floating vegetation. The most im- 
portant elements in the composition of the vegetation mats in the Gatin 
and Chagres Rivers are: Najas sp., possibly NV. arguta H.B.K., Eichhornia 
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erassipes (Mart.) Solms, E. azwreus (Swartz) Kunth, Cabomba aquatica 
Aubl., Jussiaea natans H.B.K., Salvinia natans L., Azolla sp., and Pistia 
stratiotes L. Of these, the most important is Najas. 


DEPARTMENT orf BoTANy, UNIVERSITY oF TENNESSEE 
KNOXVILLE, TENNESSEE 
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TORREYA 
SHort ARTICLE 


Noteworthy Records from the Local Area. During the past few years 
some very noteworthy botanizing has been carried on by two young botanists in the 
loeal area. It has been my privilege to examine most of these collections, and nu- 
merous records worthy of publication have come to light. Mr. Harry Ahles has eol- 
lected over 1175 botanical specimens in Pelham Bay Park in Bronx County, New 
York, and in some areas of Westchester County. Mr. Joseph V. Monachino has eon- 
tinued collecting in various parts of New York and New Jersey. The following are 
a few of the most interesting plants found by these collectors, and a corrected identi- 
fication of one of my own numbers. 

Agastache scrophulariaefolia (Willd.) Kuntze—several colonies on a hillside 
facing east, Van Cortlandt Park, Bronx Co., N. Y., August 12, 1945, J. V. Monachino 
£33. Norman Taylor’s “Flora of the Vicinity of New York” says that this species 
occurs “on the north shore of Long Island and formerly on Staten Island, thence 
increasing, but never common, northward.” This is the first Bronx County specimen 
in the Local Herbarium at the New York Botanical Garden. 

Centaurea vochinensis Bernh.—in a waste lot, North Plainfield, Somerset Co., 
N. J., August 18, 1934, H. N. Moldenke 8226. This collection was originally distrib- 
uted by me as C. nigra L., but Mr. Monachino has kindly pointed out the differences 
between these two very similar species. C. nigra also grows in our local area and is 
far more common. Gray’s “Manual” (ed. 7) states that C. vochinensis is found locally 
from New England to Ontario. Britton & Brown’s “Illustrated Flora” (ed. 2) gives 
its distribution as “Ontario to Massachusetts and southern New York,” and Taylor 
says that it is “rare” from Ontario to southern New York. The New Jersey record 
therefore appears to be well worth recording. 

Cynanchum nigrum (L.) Pers.—along roadsides, section 13, Pelham Bay Park, 
Bronx Co., N. Y., May 24, 1946, H. Ahles 276. The distribution of this European 
species is given by Gray as from Massachusetts and Vermont to Pennsylvania and 
Ohio, while Britton & Brown say “Massachusetts to Pennsylvania and Ohio and in 
British Columbia”; Taylor says “Mass. to Pa. and Ohio.” 

Elaeagnus umbellata Thunb.—abundantly naturalized in thickets, section 28, 
Pelham Bay Park, Bronx Co., N. Y., July 11, 1946, H. Ahles 537. This Asiatie species 
is not listed by Gray, Taylor, or Britton & Brown, but is widely naturalized now in 
our area. I have previously recorded it from various parts of New Jersey. 

Euonymus europaeus L.—a single colony found on a rock ledge, in partial shade, 
section 8, Pelham Bay Park, Bronx Co., N. Y., May 31, 1946, H. Ahles 305. Gray 
says that this European plant “oceasionally eseapes from cultivation in the Atlantic 
States,” and Taylor says it is “rather rare.” The present record seems worth noting. 

Lychnis alba var. colorata Lange—found along roadsides, section 2, Pelham Bay 
Park, Bronx Co., N. Y., June 7, 1946, H. Ahles 376. This pink-colored form of the 
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species is not identified in any of our current manuals, although it is listed in most 
European floras. 

Persicaria longiseta (De Bruyn) Moldenke—common on farmland and along 
roadsides, near Carmel, Cumberland Co., N. J., August 25, 1946, J. V. Monachino 
i60. This east Asiatic ladysthumb, easily the handsomest en masse in our area, is 
not listed in any current manual, but (as was pointed out by me in Torreya 41; 
201-203) is spreading rapidly along the eastern seaboard. 

Plantago Rugelii var. asperula Farwell—along shore, section 19, Pelham Bay 
Park, Bronx Co., N. Y., July 11, 1946, H. Ahles 549. Deam’s “Flora of Indiana” is 
practically the only one of our current manuals to list this hairy variety of Rugel’s 
plantain. 

Rosa setigera Michx.—along the bridle path, in a naturalized state, Pelham Bay 
Park, Bronx Co., N. Y., July 19, 1946, H. Ahles 638. This prairie species is recorded 
by Gray as escaped from cultivation only in Connecticut, while Britton & Brown 
say “escaped from cultivation in Connecticut, New Jersey, and Virginia.” The 
present New York record seems worthy of note. 

Thalictrum aquilegifolium L.—one plant found, at edge of woods, section 11, 
Pelham Bay Park, Bronx Co., N. Y., May 31, 1946, H. Ahles 294. This species is 
not listed in any current manual as having escaped anywhere in North America. 

Trifolium pratense var. albiflorum Pluskal—in a meadow, Pelham Bay Park, 
Bronx Co., N. Y., July 23, 1946, H. Ahles 662. This albino form is not identified in 
any of the current popular manuals of American flora, but is listed in European 
works. 

Vicia sepium L.—in thin woods, quite common, Pelham Bay Park, Bronx Co., 
N. Y., June 15, 1946, H. Ahles 487. Gray gives the American distribution of this 
European species as “Ioeally, Me. to Ont.” 

Vicia villosa Roth—in meadow, section 5, Pelham Bay Park, Bronx Co., New 
York, July 11, 1946, H. Ahles 475. Gray says for this species “inclined to persist 
or escape,” and Britton & Brown say “loeally spontaneous.” The present definite 
record seems worth noting —Harouip N. MoLpENKE. 


PROCEEDINGS OF THE CLUB 


Minutes of the Meeting of January 15, 1947. Dr. Simpson called the regular after- 
noon meeting of the Torrey Botanical Club to order at 3: 45 p.m. at the New York Botani- 
cal Garden, Seventeen members and friends were present. 

No business was transacted and the meeting was turned over to Dr. Helen Purdy 
Beale who spoke on: ‘‘Some properties of Tobacco Mosaic Virus.’’ Dr, Beale’s talk was 
illustrated with lantern slides and was followed by much interesting discussion. 

The meeting was adjourned at 5: 00 p.m. and was followed by refreshments served 
by members of the Garden’s staff. 

Respectfully submitted, 
LIBERO AJELLO, 
Recording Secretary 


Minutes of the Meeting of February 5, 1947. The regular evening meeting of the 
Torrey Botanical Club, held in conjunetion with the Brooklyn Botanic Garden’s Plant 
Science Lectures, was opened by Dr. Shull at 8: 20 p.m. in the research building of the 
Brooklyn Botanic Garden. Thirty-one persons attended the meeting. 
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The minutes of the previous meeting were not read. Seven annual members and five 


associate members were presented to the Club for approval and all were elected unani- 
mously. 


No further business was transacted and the meeting was turned over to Dr. L. M., 


Black, who presented a very thorough and stimulating account of his research work on 


‘Plant Tumors Induced by Viruses.’’ A lively discussion followed the presentation of 


this fine paper. 







Torrey Botanical Club w 
24 members and friends 


The meeting was adjourned at 9: 45 p.m. 


Respectfully submitted, 
LIBERO AJELLO, 


Recording Secretary 








Minutes of the Meeting of February 19, 1947. The regular evening meeting of the 
as opened by Dr. Shull at 8: 00 p.m. at Columbia University with 


present. The minutes of the meetings of January 15th and Feb- 


ruary 5th were approved as read. 


The memorial to the late Dr. R. A. Harper, prepared by Dr. B. O. Dodge, Dr. H. W. 


Rickett and Dr. J. S. Karling was read before the members. Dr. Zimmerman moved that 
the Club send a vote of thanks and its compliments to the committee for their work. The 
motion was seconded and carried unanimously. 


Dr. Shull read a letter from the Adirondack Club requesting the Torrey Botanical 


Club to cooperate in its efforts to prevent the granting of mining rights and the opening 
of recreational areas in the State’s forest preserve. All members were urged to write to 
Senator Phiny W. Williamson protesting such a move. 


No further business was transacted and the meeting was turned over to Dr. Ralph 


C. H. Siu, who spoke of his work at the Philadelphia Quartermaster Depot on the: ‘‘ Fun 
damental Aspects of the Microbiological Degradation of Cotton.’’ The paper was ably 


presented and provoked a lengthy discussion. The author’s abstract follows: 


































As a result of intensive work on the problem by the Quartermaster Corps, the 
N.D.R.C. and collaborating institutions, over 10,000 cultures of microorganisms 
have been isolated from deteriorated cotton fabrics. Of these, about 200 cultures 
have been shown to possess cellulolytie ability. It is doubtful, however, whether all 
these are of considerable importance under field conditions. In attacking the cotton 
fiber the fungal hypha penetrates the fiber wall into the lumen where it proliferates 
and digests the cotton fiber outwards, Bacteria, on the other hand, adhere to the 
outer surface and pit their way inwards. In both cases, the attack appears to be a 
highly localized affair with degradation occurring only at the point of the fiber in 
immediate contact with the microorganism. 

The organisms secrete cellulose-digesting enzymes. So far, these have been 
éclassified into 2 classes, viz.: (a) cellulase, which converts cellulose into ¢ellobiose 
and (b) cellobiase, which converts cellobiose into glucose. Cell-free preparations 
of these cellulose-degrading enzymes have been made and their properties exten 
sively studied. 

There are four general lines of approach to the development of preventive 
methods, viz.: (1) physical preventation of organism from making contact with 
the cellulose molecule, as illustrated by the resistance of resin-impregnated cloth, 
(2) eell toxicants, as exemplified by fungicides, (3) specifie enzyme inhibitors 
which exist today as a theoretical possibility, and (4) chemical modification of 
the cellulose molecule, which appears to be very promising for future exploitation. 


The meeting was adjourned at 9: 15 p.m. and was followed by tea prepared by mem- 


bers of the Columbia Botany Department. 














Respectfully submitted, 
LIBERO AJELLO, 


Recording Secretary 
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FreLp Trip REPORTS 


SEPTEMBER 22. BUTLER TO POMPTON PLAINS, N. J. ‘‘Old Mother Nature sure did 
her part. The day was fine, the display of gentians was much the finest I ever saw in 
N. J., the orchids (Spiranthes cernuua) were there, literally in thousands, and the grapes 
were fully ripe and delicious.’’ Leader, H. B. Gordon. 


SEPTEMBER 28. THE NEW YORK BOTANICAL GARDEN, ‘‘ Because of the long stretch 
of dry weather, we found rather poor picking for the fleshy fungi. Special attention was 
given to a parasitic fungus, Pseudonectria pachysandricola on Pachysandra, which Dr. 
Dodge investigated and described. It was quite destructive to this host until Dr, Dodge 
worked out methods of controlling it.’’ Attendance 16. Leaders, Fred J. Seaver and 
B. O. Dodge. 


SEPTEMBER 29. Dock WatcH Ho.iow, N. J. An interesting host of woody and 
herbaceous plants was observed in this ramble through the Watchung Mountains here- 
abouts. No specialties were reported, Attendance 31. Leader, Harold N. Moldenke. 


SEPTEMBER 29, PRINCETON JcCT. vicinity, N. J. This walk was a cireular that in- 
cluded pond, stream, field, and woodland. The latter was observed in different aspects 
as we passed along Grover’s Pond, crossed the Millstone River and returned along Plains- 
boro Pond. A comparative list of species would have been interesting for there are strik- 


ing variations. Of course, with these leaders, many interesting bird experiences were 


adduced. Attendance 14, plus three who overshot the meeting place but caught up with 
the leaders in time to be counted. Leaders, Peg and Charles Rogers. 

Octroser 5. SouUTHWARD FROM HIGH Pornt, N. J. The Appalachian Trail survey and 
check for the Guide included the walk along the Kittatinny Ridge, descent to Lake Ruther- 
ford, and a visit to the shelters along this portion of the Trail. Some good views but no 
plant specialties reported, Attendance 9. Leader, L. E, Hand. 


October 6, FRoM LIBERTY CORNER, N. J., WESTWARD ON THE APPALACHIAN TRAIL. 
This list has not been compiled as yet. The Trail largely follows roadways here and some 
new species for the Trail List are expected. Attendance 11. Leader, G. G. Nearing. 


OcToBER 6. RICHMOND, STATEN ISLAND. Although a bus strike prevented the leader’s 
arrival, three people did make it and report a nice walk through old fields and over the 
salt marshes, 


OcToBER 12. WoopLanps, N. Y. ‘‘The ominous clouds distracted me to the point 
of overlooking a rich stand of Solidago odora I had meant to eall attention to. We did 
notice a lot of Solidago speciosa, some S. flexicaulis and plenty of the more common 
goldenrods—S. canadensis, S. rugosa, 8. bicolor, 8. caesia, 8S. graminifolia, The various 
bushes provided a patriotic display of red, white, and blue berries, while the trees laid 
particular stress on the golden hues. The outstanding feature of the trip was an excep- 
tionally profuse growth of Baeomyces roseus with exceptionally large pink fruiting bodies. 
An eight-year-old had the time of his life looking at the lichens through a lens. Said he, 
‘It is quite something to see so many things under the magnifying glass,’ From his ques- 
tions and remarks I am hopeful the little boy is a nature student in the making.’’ At- 
tendance 6, Leader, Alexandra Kalmykow. 


OcTOBER 13. CHEESEQUAKE PARK, N. J. This walk over varied terrain featured the 
seeding and fruiting of plants as well as other aspects of dormancy in anticipation of the 
winter season. A great variety of edible fruits was sampled, most satisfying being the 
persimmons. A preliminary list of 400 seed plants and ferns so far determined from the 
Park is available from the field chairman upon request. Attendance 16, Leader, John A. 
Small. 
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OCTOBER 19. APPALACHIAN TRAIL BETWEEN CATFISH POND GAP AND MILLBROOK Roap, 
N. J. This survey with its list of plants about completes the project from the Hudson 
River to the Delaware. There are a few places where one trip did not quite join where 
another left off. There are some five miles over Mt. Tammany and down to Columbia 
where the Trail has been relocated since our survey of the Dunnfield Creek route, Com- 
pilation is not completed yet. Has it been worth while? Shall we start along beyond the 
rivers? Atténdance 12, Leader, Louis E. Hand. 


NOVEMBER 10. LAKEWoop, N. J. A very pleasant experience in the pine barrens in 
autumn, Lichen studies were added to the interesting notes on the higher plants. Attend- 
ance 17, Leader, James Murphy. 


New Notes 
Alice Eastwood Herbarium Accessions. Miss Alice Eastwood, 88-year-old Curator 
of Botany of the California Academy of Sciences, reports that the Academy Herbarium, 
named in her honor, has received 9180 mounted specimens during the past vear. Of these, 
2978 accessions were by gift, 4722 by exchange with other herbariums, 1480 were by 
exploration. The Alice Eastwood Herbarium now contains a total of 334,000 mounted 
botanical specimens. 


Wanted, Back numbers of the BULLETIN. The supply of back numbers of certain 
issues of the BULLETIN of the Torrey Botanical Club remaining in the possession of the 
Club are very low, and we are completely out of a few numbers. Unfortunately some of 
these numbers are of recent date and are in demand by foreign libraries which could not 
get the BULLETIN during the war, or which may have been destroyed. If any members 
have copies of the following numbers which they would be willing to donate to the Club 
we shall be very glad to receive them: 


Vol. 67 (1940), Nos. 1 
Vol. 68 (1941), Nos. 1, 
Vol. 70 (1943), Nos. 1, 
Vol. 71 (1944), Nos. 1 


no bo bo 
va 


They should be sent to Harold H. Clum, Business Manager, Hunter College, 695 Park 


Ave., New York 21, N. Y. 
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INDEX TO AMERICAN BOTANICAL LITERATURE 
COMPILED BY 


LAZELLA SCHWARTEN 


WITH THE COLLABORATION OF THE EDITOR OF THE TAXONOMIC INDEX 


TAXONOMY, PHYLOGENY AND FLORISTICS 
ALGAE 

Eubank, Lois L. Hawaiian representatives of the genus Caulerpa. Univ. Calif. 
Publ. Bot. 18: 409-432. pl. 22+ f/. 1, 2.17 D 1946. 

Gilbert, William J. Studies on Philippine Chlorophyceae—III. The Codiaceae. 
Bull. Torrey Club 74: 121-132. f. 1. Mr-Ap 1947. 

Irenee-Marie, Frére. La critique dans les ouvrages de W. & G. S. West. Nat. 
Canad. 73: 412-418. N—D 1946 [Ja 1947]. 

Papenfuss, George F. Generic names of algae proposed for conservation. I. 

Madrono 9: 8-17. Ja 1947. 


FUNGI AND LICHENS 
(See also under Phytopathology ; under Bryophytes: Lepage; 
under Genetics: Dedge & Seaver) 

Bouly de Lesdain. Lichens de 1’Etat de New Mexico (U.S. A.) recueillis par le 
Frére G. Arséne Brouard. (Supplément). Revue Bryol. & Lichénol. 12: 
44-66. 1941-42. 

Karling, John 8. Keratinophilic chytrids. II. Phlyctorhiza variabilis n. sp. Am. 
Jour. Bot. 34: 27-32. f. 1-47. Ja [F] 1947. 

Kern, F. D. Some bases for mycological progress. Mycologia 38: 609-618. 
N 1946. 

Lindquist, Juan C. Dos especies argentinas del género Diorchidium (D. australe 
y D. Bonplandii). Revista Argent. Agron. 13: 249-252. f. 1, 2.5 D 1946. 

Long, W. H. & Stouffer, D. J. Studies in the Gasteromycetes. XIV. The genus 
Chlamydopus. Mycologia 38: 619-629. N 1946. 

Murrill, William A. New and interesting Florida fungi. Lloydia 9: 315-330. 
20 D 1946. 

Overholts, L. O. Identity of Poria monticola. Mycologia 38: 674-676. N 1946. 

Ponce de Leon, Patricio. Contribucién al estudio de los Gasteromicetos cubanos 
I. El género Geastrum en Cuba. Revista Soc. Cub. Bot. 3: 63-70. pl. 1-3. 
My—Je 1946. 

Ritchie, Don. Hebeloma Colvini, a rare mushroom from a sandy beach. Castanea 
11: 125-127. f. 1-6. D 1946 [Ja 1947]. 

Shear, C. L. Mycological notes. Mycologia 38: 664-673. N 1946. 

Singer, R. Two new species in the Agaricales. Mycologia 38: 687-690. N 1946. 

Thirumalachar, M. J. Kernia, a new genus of the Uredinales. Mycologia 38: 
679-686. N 1946. 

Wernham, C. C. Mineral oil as a fungus culture. Mycologia 38: 691, 692. N 1946. 

Wheeler, Louis Cutter. Agaricus versus Psalliota. Bull. So. Calif. Acad. 45: 
148-151. S-D 1946 [10 Ja 1947]. 


BRYOPHYTES 
Bartram, Edwin B. New species and new combinations of Guatemalan mosses. 
Bryologist 49: 109-125. D 1946. 
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Clark, Lois & Svihla, Ruth Dowell. Frullania Beyrichiana. Bryologist 49: 146- 
148. f. 1-19. D 1946. 

Frye, T. C. & Duckering, Mae W. Pogonatum flexuosum. Bryologist 49: 141- 
146. f. 1-15. D 1946. 

Kucyniak, James. A preliminary survey of bryological research in Quebec. Bry- 
ologist 49: 127-140. D 1946. 

Kucyniak, James. Sur une mousse de Québec passée inapercue. Nat. Canad. 73: 
391-394. N—D 1946 [Ja 1947}. 

Lepage, Abbé Ernest. Les lichens, les mousses et les hépatiques du Québec. 
Nat. Canad. 73: 395-411. N—D 1946 | Ja 1947}. 

Persson, Herman. The genus Habrodon discovered in North America. Sv. Bot. 
Tidsk. 40: 317-324. 2 maps. 28 D 1946. 

Wagner, Kenneth A. Additions to the hepatic flora of Indiana. Bryologist 49: 
125, 126. D 1946. 

PTERIDOPHYTES 

Canan, E. D. Key to the ferns of Pennsylvania; includes a non-technical key for 
identification of each of the fifty-nine species found in the state; directions 
for the use of the key; an outline for aid in identification of ferns by sterile 
fronds alone; distribution of species through the state; and a list of ferns 
found in the vicinity of Johnstown, Cambria County. 1-112. illust. Science 
Press. Lancaster, Pa. 1946. 

Selling, Olof H. Studies in recent and fossil species of Schizaea, with particular 
reference to their spore characters. Acta Hort. Gothob. 16: 1-109. f. 1-11 
+ pl. 1-5. 25 8 1944. 

Shaver, Jesse M. The southern lady fern, the New York fern, and the marsh- 
fern. Jour. Tenn. Acad. 21: 297-318. f. 110-120. O 1946 [Ja 1947]. 
Yuncker, T. G. Additions to the flora of the Manua Islands. Oce. Pap. Bishop 

Mus. 18: 207-209. 10 J1 1946. 


SPERMATOPHYTES 

Ames, Blanche & Ames, Oakes. Drawings of Florida orchids | with explanatory 
notes]. 1-190. pl. 1-68 +1. Ormond, Fla. 1947. 

Anderson, Edgar. Corn before Columbus. Pioneer H-Bred Corn Co., Ames, Iowa. 
pl. 1-10. Ja 1947. 

Ball, Carleton R. Studying willows or making new sections in the genus Saliz. 
Rhodora 49: 37-49. F 1947. 

Barneby, R. C. A new monocephalous Parthenium. Leafl. West. Bot. 5: 19-22. 
31 Ja 1947. 

Barneby, R. C. Pugillus Astragalorum VI: Notes on section Drabelle. Leaf. 
West. Bot. 5: 1-9. 31 Ja 1947. 

Barrett, Mary F. Ficus in Florida—-I. Australian species. Am. Midl. Nat. 36: 
412-430. D 1946 [Ja 1947]. 

Brown, J. R. Notes on Haworthias. Des. Pl. Life 18: 117-119. O 1946. 

Butters, F. K. & Abbe, E. C. The genus Poa in Cook County, Minnesota. Rhodora 
49: 1-21. pl. 1051-1052. 22 Ja 1947. 

Cockrell, Robert A. & Monachino, J. Supplementary notes on Cockrell’s study 
of the wood structure of Strychnos. Am. Jour. Bot. 34: 44. Ja [F] 1947. 

Conzatti, Casiano. Flora taxonomica mexicana [ed. 2] 1: i—lxii, 1-377 [Pteri 
dophytes; Spermatophytes—Monocotyledonae, pars]. Mexico, D. F. 1946. 

Cook, O. F. Cascade palms in southern Mexico [without Latin diagn.]. Nat. 
Hort. Mag. 26: 10-34. f. 1-10. Ja 1947. 
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Correll, Donovan S. The American species of ‘‘leafless’’ Vanillas. Am. Orchid 
Soe. Bull. 15: 328-333. 2 pl. 3 D 1946. 

Correll, Donovan 8. A new Epidendrum from Mexico. Am. Orchard Soe. Bull. 
16: 106-108. f. 1-6. 3 F 1947. 

Croizat, Leon. Euphorbia maculata L. Bull. Torrey Club 74: 153-155. Mr 1947. 

Cronquist, Arthur. Notes on the Compositae of the Northeastern United States— 
V. Astereae. Bull. Torrey Club 74: 142-150. Mr 1947. 

Daston, J. S. Three noteworthy cacti of southwestern Utah. Am. Midl. Nat. 36: 
661, 662. f. 1-3. N 1946 [25 F 1947]. 

Duman, Maximilian G. Status and distribution of Carex neuwrochlaena Holm. 
Bull. Torrey Club 74: 151, 192. Mr 1947. 

Dutilly Artheme, P?re & Lepage, Abbé Ernest. Coup d’oeil sur la flore sub- 
aretique du Québee, de la baie James au lac Mistassini. Nat. Canad. 73: 
419-435. N—D 1946 [Ja 1947]. 

Eastwood, Alice. A collection of plants from the Aleutian Islands. Leafi. West. 
Bot. 5: 9-13. 31 Ja 1947. 

Fernald, M. L. [tea virginica, forma abbreviata. Rhodora 49: 22, 23. 22 Ja 
1947. 

Fernald, M. L. Salicornia europaea, var. simplex. Rhodora 49: 23. 22 Ja 1947. 

Fernald, M. L. Unverified bibliography of Scirpus. Rhodora 49: 49-52. F 1947. 

Gentry, Howard Scott. The genus Mimulus in or adjacent to Sinaloa, Mexico. 
Madronio 9: 21-25. Ja 1947. 

Gilly, Charles L. The Cyperaceae of Iowa. Towa St. Coll. Jour. Sei. 21: 55-151. 
f. 1-12. O 1946. 

Haas, Otto & Simpson, George Gaylord. Analysis of some phylogenetic terms 
with attempts at redefinition. Proc. Am. Phil. Soc. 90: 319-349. 27 D 1946. 

Haglund, Gustaf E. Contributions to the knowledge of the Tararacum flora of 
Alaska and Yukon. Sv. Bot. Tidsk. 40: 325-361. f. 1-18. 28 D 1946. 

Hedberg, Olov. Pollen morphology in the genus Polygonum L. s. lat. and its 
taxonomical significance. Sv. Bot. Tidsk. 40: 371-404. f. f47, 28 D 1946. 

Horn af Rantzien, Henning. Notes on the Mayacaceae of the Regnellian Her- 
barium in the Riksmuseum, Stockholm. Sv. Bot. Tidsk. 40: 405-424. 28 D 
1946, 

Henry, Mary G. A new lily from southern Alabama and northern Florida. Bar- 
tonia 24: 1-4. pl. 1-5. 15 F 1947. 

Howell, John Thomas. Remarks on Triglochin concinna. Leafl. West. Bot. 5: 
13-19. 31 Ja. 1947. 

Hultén, E. Var sillsyntaste orkide och dess amerikanska slikting. [Our rarest 
orchid and its American relative.| Fauna & Flora [Sweden] 1943: 428-432. 
2 f. 1943. 

Isely, Duane. Manual of herbaceous plants of the Tennessee Valley Reservoirs. 
Tennessee Valley Authority, Wilson Dam, Ala. 1-185. f. 1-26. Au 1946. 
| Mimeog. | 

James, Robert Leslie. The shrubs and woody vines of Colbert and Franklin 
Counties, Alabama. Castanea 11: 127-132. D 1946 | Ja 1947]. 

Kearney, Thomas H. Type of the genus Malvastrum. Leafl. West. Bot. 5: 23, 
24. 31 Ja 1947. 

Keck, David D. A revision of the Artemisia vulgaris complex in North America. 
Proe. Calif. Acad. IV. 25: 421-468. 7. 1-19. 15 N 1946. 

King, H. Botanical origin of tube-ceurare. Nature 158: 515, 516. 12 O 1946. 
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Lakela, Olga. A 
22 Ja 1947. 


new form of Helianthus from Minnesota. Rhodora 49: 


21. 


Leon, Hermano. Flora de Cuba [Gymnospermae; Angiospermae (Monocoty 
ledonae), incl. n. spp.|. Contr. Ocas. Mus. Hist. Nat. Col. ‘‘De la Salle’’ 
[Habana] 8: 1-441. 7 pl.+f. 1-158. 1946. 


Looser, Gualterio. Cultivos de quinoa en Chile. 
pl. 9.5 D 1946. 
Matuda, Eizi. On the 

f. 1-11. Mr 1947. 
Merrill, Elmer D. & Reeder, John R. New plant names published by Amos Eaton 
between the years 1817 and 1840. Bartonia 24: 26-79. 15 F 1947. 
Monachino, Joseph. A new species of Terminatia from Cuba. Forest. 8: 
79. Ja 1947. 
Munz, Philip A. A new Peruvian Fuchsia. In 


de la boténica en la Universidad del Cuzeo. 49, 50. f. 


Revista Argent. Agron. 13: 285. 


genus Mitrastemon. Bull. Torrey Club 74: 133-141. 


Carib. 


: Vargas C, C. Diez ailos al servicio 

16. 1946. 

Occhioni, Paulo. Contribuicéo para o conhecimento da flora do Distrito Federal. 
(Nota prévia). Rodriguésia 9": 57-65. S 1945 [1946]. 

Peck, Morton E. Certain plant species of the canyon of Hurricane Creek, Wal 

Madrofio 9: 1-8. Ja 1947. 

Pichon, M. Sur le centre de dispersion des Bignoniacées. 
121-123. My—Je 1946. 

Pohl, Richard W. Notes on Pennsylvania and New Jersey grasses. 
22-25. 15 F 1947. 

Ponce de Leén, Antonio. Joyas de la flora cubana. La Jatia [ Phyllostylon brasili 
ensis|. Revista Soc. Cub. Bot. 3: 59. illust. My—Je 1946. 

Proctor, George R. Some noteworthy Catskill plants. Rhodora 49: 53, 
1947. 

Questel, Adrien. The palms of Quadeloupe and dependencies. 
303-308. | French text 297-302; 


lowa County, Oregon. 


Bull. Soe. Bot. Fr. 93: 


Bartonia 24: 


54. F 


Carib. Forest. 7: 


Spanish text 308-314.] O 1946. 


Raup, Hugh M. The botany of southwestern Mackenzie. Sargentia 6: 1-275. 
pl. 1-87 + f. 1-16. 28 F 1947. 
Raymond, Marcel & Kucyniak, James. Cornus racemosa in Quebec. Rhodora 


72 


=, 


49: 24. 22 Ja 1947. 
Roberty, Guy. Gossypiorum revisionis tentamen. Candollea 10: 345-398. O 1946. 
Roberty, Guy. Proposition sur la nomenclature des groupements systématiques 

de rang inférieur 4 l’espéce. Candollea 10: 293-344. O 1946. 

Rosendahl, C. O. Studies in Chrysosplenium with special reference to the taxo 
nomie status and distribution of C. iowense. Rhodora 49: 25-36. pl. 1053, 
1054. F 1947. 

St. John, Harold. Endemism the flora, 
Hawaiian species of Gunnera (Halorogidaceae). Hawaiian 
ll. Proe. Calif. Acad. IV 25: 377-420. pl. 37-46. 15 N 1946. 

St. John, Harold. The history, present distribution, and abundance of sandal- 
wood [Santalum] on Oahu, Hawaiian Island. Pacif. Sei. 1: 1-3. 
J 1947 [10 D 1946]. 

Sata, Nagaharu (Tyésyun). A monographic study of the genus Ficus from the 
point of view of economic botany. Contr. Inst. Hort. & Econ. Bot. Taihoku 
Univ. 32: Part I, II, 1-405. pl. 1-54. Part IIT, IV, 1-289. charts 1, 2. 1944. 

Savage, Spencer. A catalogue of the Linnaean Herbarium. i-rv, 1-225. 9 pl. 

Linhaean Soc., London. 1945. 


of the 
Plant Studies 


in Hawaiian and a revision 


5-20. f. 
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Setchell, William A. The genus Ruppia L. Proe. Calif. Acad. 1V 25: 469-478. 
pl. 47, 48. 15 N 1946. 

Skottsberg, C. Peperomia berteroana Miq. and P. tristanensis Christoph., an 
interesting case of disjunction. Acta Hort. Gothob. 16: 251-288. f. 1-130. 
28 D 1946, 

Smith, D. C., Nielsen, E. L. & Ahigren, H. L. Variation in ecotypes of Poa pra- 
tensis. Bot. Gaz. 108: 143-166. f. 1-4. D 1946 [Ja 1947]. 

Stair, Leslie D. & Pennell, Francis W. A collection of plants from Yakutat, 
Alaska. Bartonia 24: 9-21. pl. 6. 15 F 1947. 

Stehlé, H. Notes taxonomiques et écologiques sur les légumineuses Caesalpiniées 
et Mimosées des Antilles frangaises. Bull. Mus. Paris 18: 185-194. F 1946. 

Stehlé, H. Notes taxonomiques et écologiques sur les légumineuses Papilionacées 
des Antilles francaises (9¢ contribution). Bull. Mus. Paris 18: 98-117. 
Ja 1946. 

Stehlé, H. Piperaceae novae ex insulis Caribaeis et Discipiper, genus novum. 
Candollea 10: 281-292. S 1946. 

Titherington, Robert J. New station for Epipactis Helleborine in New Hamp- 
shire. Rhodora 49: 60. F 1947. 

Wherry, Edgar T. A key to the eastern North American lilies. Bartonia 24: 
5-8. 15 F 1947. 

Yuncker, T. G. The genus Peperomia in the Galapagos Islands. Oce. Pap. 
Bishop Mus. 18: 225-234. f. 1-4. 18 S 1946. 


PALEOBOTANY 

Davis, John H. The peat deposits of Florida, their occurrence, development, and 
uses. Fla. Dept. Conservation. Geol. Bull. 30: i-viii, 1-347. 36 f.+ map. 
1946. 

Engel, A. Mécanisme et historique des migrations forestiéres de l’époque terti- 
aire A nos jours. Mém. Soc. Vaud. Sci. Nat. 7: 167-218. 1943. 

Selling, Olof H. Studies in Hawaiian pollen statistics. Part I. The spores of the 
Hawaiian Pteridophytes. Bishop Mus. Spec. Publ. 37: 1-87. pl. 1-7. 1946. 


ECOLOGY AND PLANT GEOGRAPHY 
(See also under Spermatophytes: Smith, Nielsen & Ahligren; 
under Plant Physiology: Bartel; Hjelmaqvist) 

Beard, J. S. The natural vegetation of Trinidad. | Oxford Forest. Mem. 20: i—vi, 
1-152. f. 1-43 + map. 1946. 

Boulet, L. J. Les principaux caractéres botaniques et écologiques de nos divers 
groupes de pasturages. Nat. Canad. 73: 137-142. Je-Au 1946. 

Brannon, Melvin A. Factors affecting the growth of Myxophyceae in Florida. 
Quart. Jour. Fla. Acad. 8: 296-303. 1-f. D 1945. 

Castellanos, A. & Perez Moreau, R. A. Los tipos de vegetacién de la Repdblica 
argentina. Univ. Buenos Aires, Fac. Ci. Exact. Fis. & Nat. Publ. 3: 1-154. 
pl. 1-30 + map. 1944. 

Cornelius, Donald R. & Atkins, M. Donald. Grass establishment and development 
studies in Morton County, Kansas. Ecology 27: 342-353. f. 1-9 + tables 
1-7. O [D] 1946. 

Curtis, J. T. The Palo Verde forest type near Gonaives, Haiti, and its relation 
to the surrounding vegetation. Carib. Forest. 8r 1-26. Ja 1947. 

Dansereau, Pierre. L’érabliére Laurentienne. II. Les successions et leurs indi- 
cateurs. Canad. Jour. Res. C. 24: 235-291. f. 1-7. D 1946 [Ja 1947]. 
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Drew, William B. Floristic composition of grazed and ungrazed prairie vegeta- 
tion in north-central Missouri. Ecology 28: 26-41. f. 1, 2+ tables 
Ja 1947. 

Griggs, Robert F. The timberlines of northern America and their interpretation. 
Ecology 27: 275-289. f. 1-7. O [D] 1946. 

Harrington, H. D. Results of a seeding experiment at high altitudes in the Rocky 
Mountain National Park. Ecology 27: 375-377. table 1. O [D] 1946. 
Lawrence, D. B., Lawrence, E. G. & Seim, A. L. Data essential to completeness 
of reports on seed germination of native plants. Ecology 28: 76-78. Ja 

1947. 

Olmsted, Norwood W. & Curtis, James D. Seeds of the forest floor. Ecology 
28: 49-52. tables 1—4. Ja 1947. 

Robertson, Joseph H. Responses of range grasses to different intensities of 
competition with sagebrush (Artemisia tridentata Nutt.). Ecology 28: 
1-16. f. 1-6 + tables 1—9. Ja 1947. 

Sprague, F. LeRoy & Hansen, Henry P. Forest succession in the MeDonald For- 
est, Willamette Valley, Oregon. Northw. Sci. 20: 89-97. 7 f. N 1946. 

Vernon, Robert O. Cypress domes. Seience 105: 97-99. f. 1-3. 24 Ja 1947. 


PHYTOPATHOLOGY 
(See also under Morphology: Traversi; under Plant Physiology: MeKinney) 

Andersen, Axel L., Henry, B. W. & Tullis, E. C. Factors affecting infectivity, 
spread and persistence of Pericularia oryzae Cay. Phytopathology 37: 94- 
110. f. 1+ tables 1-7. F 1947. 

Blodgett, Earle C. Rusty spot of peach. Phytopathology 37: 145-147. f. 

F 1947. 

Brinkerhoff, Lloyd A. & Streets, R. B. Pathogenicity and pathological histology 
of Phymatotrichum omnivorum (the fungus causing cotton or Texas root 
rot) in a woody perennial—the peean. Ariz. Exp. Sta. Tech. Bull. 111: 
103-126. pl. 1-10. Je 1946. 

Brodie, Harold J. & Jones, J. F. The effect of changes of air pressure upon 
germination of conidia of barley powdery mildew. Canad. Jour. Res. C. 
24: 318-329. f. 1-6. D 1946. 

Chester, K. Starr. The nature and prevention of the cereal rusts as exemplified 
in the leaf rust of wheat. Ann. Cryptog. & Phytopath. 4: i—rvi, 1-269. 
f. 1-11 + tables 1-19. 1946. 

Graham, T. W. et al. Organic compounds for control of tobacco blue mold. 
Phytopathology 37: 125-138. f. 1-3 + tables 1-8. F 1947. 

Hildebrand, A. A. & Koch, L. W. Soybean diseases in Ontario and effectiveness 
of seed treatment. Phytopathology 37: 111-124. tables 1-8. F 1947. 

Houston, Byron R. & Oswald, John W. The effect of light and temperature on 
conidium production by Helminthosporium gramineum in culture. Phyto 
pathology 36: 1049-1055. 1 f. D 1946. 

Lair, Eugenie D. Smooth patch, a bark disease of oak. Jour. Elisha Mitchell 
Soe. 62: 212-220. f. 1-3. D 1946 [Ja 1947]. 

Sarasola, J. A., Favret, E. A. & Vallega, J. Reaccién de algunas cedabas con 
respecto a Erysiphe graminis hordei en Argentina. Revista Argent. Agron. 
13: 256-276. 5 D 1946. 

Smith, A. L. & Taylor, A. L. Field methods of testing for root-knot infestation. 
Phytopathology 37: 85-93. tables 1-5. F 1947. 
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Stakman, Elvin Charles. International problems in plant disease control. Proce. 
Am. Phil. Soe. 91: 95-111. f. 1-17. 25 F 1947. 

Stevens, Neil E. & Nienow, Inez. Plant disease control by unusual methods. 
sot. Rev. 13: 116-124. F 1947. 


Stevens, Neil E. & Stevens, Russell B. Plant diseases during the years 1941- 
1945 in the United States and Canada. Bot. Rev. 13: 92-115. f. 1-9. F 
1947. 


Takahashi, William N. & Rawlins, T. E. An electron microscope study of muta- 
tion in tobacco mosaic virus. Phytopathology 37: 73-76. f. 1, 2. F 1947. 
Webber, L. H. & Webber, H. H. Studies on the relationship between the rate of 
infection of cotton seedlings by Phymatotrichum omnivorum and the avail 
able oxygen supply. Plant Physiol. 22: 66-76. Ja 1947. 

Young, P. A. Cuticle cracks in tomato fruits. Phytopathology 37: 143-145. 
f. 1, 2. F 1947. 

Zeller, S. M. & Milbrath, J. A. Mild rusty mottle of sweet cherry (Prunus 
avium). Phytopathology 37: 77-84. f. 1+ tables 1, 2. F 1947. 


MORPHOLOGY 
(including anatomy and cytology in part) 

Buchholz, John T. Volumetric studies of seeds, endosperms, and embryos in 
Pinus ponderosa during embryonic differentiation. Bot. Gaz. 108: 232-244. 
f. 1-7. D 1946 [Ja 1947]. 

Cozzo, Domingo. Estructura lefosa estratificada en el género Plectrocarpa (Zigo- 
filaceas). Revista Argent. Agron. 13: 286-292. pl. 10, 11. 5 D 1946. 

Dayton, William A. A freak black-eyed Susan. Jour. Hered. 37: 331, 332. f. 5. 
N 1946 [Ja 1947]. 

Dermen, Haig. Periclinal cytochimeras and histogenesis in cranberry. Am. Jour. 
Bot. 34: 32-43. f. 1-23. Ja [F] 1947. 

Isenberg, Irving H. Location of extraneous materials in redwood. Madrojfio 9: 
25-30. pl. 1, 2. Ja 1947. 

Longest, Pauline Moser. Structure of the cilia in Ectocarpus Mitchellae and 
Codium decorticatum. Jour. Elisha Mitchell Soc. 62: 249-252. f. 1-3. D 
1946 [Ja 1947]. 

McLean, D. M. Stamen morphology in flowers of muskmelon. Jour. Agr. Res. 
74: 49-54. 15 Ja 1947. 

Radamés Accorsi, Walter. Curiosa anomalia nas félhas de Morus alba L. 
Rodriguésia 9"; 29-44. f. 1-16. 8 1945 [1946]. 

Rosén, William. Further notes on the embryology of the Goodeniaceae. Acta 
Hort. Gothob. 16: 235-249. f. 1-51. 28 D 1946. 

Sterling, Clarence. Sclereid formation in -the shoot of Pseudotsuga tazifolia. 
Am. Jour. Bot. 34: 45-52. f. 1-19. Ja [F] 1947. 

Stewart, Robert N. The morphology of somatic chromosomes in Lilium. Am, 
Jour. Bot. 34: 9-26. f. 1-54. Ja [| F] 1947. 

Traversi, Blanca A. Inclusiones celulares de Nicotiana virus 1 en Nicotiana 
tabacum. An. Soe. Cien. Argent. 142: 97-103. pl. 1-3. 8 1946. 

Vaarama, Antero. Experimental studies on the influence of DDT insecticide 
upon plant mitosis. Hereditas 33: 191-219. f. 1-17. 4 Ja 1947. 

Whiting, A. Geraldine & Murray, Marl Aileen. Histological responses of bean 
plants to nicotine and to wounding. Bot. Gaz. 108: 192-219. f. 1-16. 
D 1946 [Ja 1947]. 
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sENETICS 
(including cytogenetics) 

Baker, H. G. Sex in Velandrium. Nature 159: 34. 4 Ja 1947. 

Brown, Walter V. Cytological studies in the Alismaceae. Bot. Gaz. 108: 262- 
267. f. 1-9. D 1946 | Ja 1947]. 

Currence, T. M. Progeny tests of asparagus plants. Jour. Agr. Res. 74: 65-76. 
1 F 1947. 

Cutter, V. M. Chromosomes of Neurospora tetrasperma. Mycologia 38: 693-698. 
N 1946. 

Dodge, B. O. & Seaver, F. J. Species of Ascobolus for genetic study. Mycologia 
38: 639-651. N 1946. 

Flor, H. H. Genetics of pathogenicity in Melampsora lini. Jour. Agr. Res. 73: 
335-357. tables 1-5. D 1946. 

Friesen, H. A. Awn-barbing in barley. Canad. Jour. Res. C. 24: 292-297. 
D 1946 [Ja 1947}. 

Gustafsson, Ake. Mutations in agricultural plants. Hereditas 33: 1-100. f. 1-12. 
4 Ja 1947. 

Hakansson, Arthur. Contributions to a cytological analysis of the species differ 
ences of Godetia amoena and G. Whitneyi. Hereditas 33: 235-260. f. 1-5. 
4 Ja 1947. 

Johnson, L. P. V. A note on inheritance in F, and F, hybrids of Populus alba L. 
x P. grandidentata Michx. Canad. Jour. Res. C. 24: 313-317. 1 f. D 1946 
[Ja 1947]. 

Johnson, L. P. V. & Bradley, E. C. Hybridization technique for forest trees. 
Canad. Jour. Res. C. 24: 305-307. f. 1, 2. D 1946 [Ja 1947]. 

Johnson, L. P. V. & Heimburger, C. Preliminary report on interspecific hybridi 
zation in forest trees. Canad. Jour. Res. C. 24: 308-312. D 1946 [Ja 1947]. 

Johnson, L. P. V. & Holtz, H. W. Colchicine treatment techniques for sprouted 
seeds and seedlings. Canad. Jour. Res. C. 24: 303, 304. f. 1, 2. D 1946 
[Ja 1947]. 
Myers, W. M. & Hill, Helen D. Distribution and nature of polyploidy in Festuca 
elatior L. Bull. Torrey Club 74: 99-111. f. 1-8 + tables 1-4. Mr 1946. 
Rife, D. C. & Duber, H. C. Genes and species differences in Coleus. Jour. Hered. 
37: 327-330. f. 2-4. N 1946 [Ja 1947]. 

Sax, Karl. Mechanism of heredity. Am. Fruit Grower 67: 16, 28. illust. Ja 1947. 

Sax, Karl. Temperature effects on X-ray induced chromosome aberrations. Ge- 
netics 32: 75-78. Ja 1947. * 

Stockar, Alejandro. Complemento cromosémico diploide de algunas especies de 
Aleurites. Revista Argent. Agron. 13: 253-255. pl. 6. 5 D 1946. 

Thirmulachar, M. J. A cytological study of Uromyces aloes. Bot. Gaz. 108: 
245-254. /f. 1-25. D 1946 | Ja 1947]. 

Thomson, R. B. Polyembryony: sexual and asexual initiation and food supply. 
Trans. Roy. Soc. Canada IIT. 39°: 143-169. 1945. 

Walker, J. C. & Foster, R. E. The inheritance of aseorbic acid content in cabbage. 
Am. Jour. Bot. 33: 758-761. tables 1, 2. N [5 D] 1946. 

Wexelsen, Haakon. Studies on fertility, inbreeding, and heterosis in red clover 
(Trifolium pratense L.). Skr. Norske Vid. Akad. [Oslo] 1945': 1-141. 
f. 1-12. 26 My 1944. 

Wilson, Katherine S. & Withner, Carl L. Stock-scion relationship in tomatoes. 
Am. Jour. Bot. 33: 796-801. f. 1-5 + tables 1-3. D 1946 [16 Ja 1947]. 
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PLANT PHYSIOLOGY 
(See also under Phytopathology: Webber & Webber) 

Bartel, Arthur T. Some physiological characteristics of four varieties of spring 
wheat presumably differing in drought resistance. Jour. Agr. Res. 74: 97- 
112. 1 F 1947. 

Beal, J. M. Reactions of decapitated bean plants to certain of the substituted 
phenoxy compounds. Bot. Gaz. 108: 166-186. f. 1-5. D 1946 [Ja 1947]. 
Bonner, James. The role of organic matter, especially manure, in the nutrition 

of rice. Bot. Gaz. 108: 267-279. D 1946 [Ja 1947]. 

Burris, R. H. & Wilson, P. W. Characteristics of the nitrogen-fixing enzyme sys 
tem in Nostoe muscorum. Bot. Gaz. 108: 254-262. f. 1-4. D 1946 [Ja 1947}. 

Fults, Jess L. & Payne, Merle G. Secondary root stimulation in the common 
hean, Phaseolus vulgaris L., caused by insecticides DDT and Colorado 9. 
Bull. Torrey Club 74: 112-114. f. 1, 2+ table 1. Mr 1947. 

Furr, J. R., Cooper, W. C. & Reece, P. C. An investigation of flower formation in 
adult and juvenile citrus trees. Am. Jour. Bot. 34: 1-8. f. 1-9 + table 
Ja [F] 1947. 

Gray, A., Traub, H. P. & Slattery, M. C. Levulins and inulin in guayule, Par- 
thenium argentatum. Plant Physiol. 22: 77-87. Ja 1947. 

Griffen, Jean H., & Kertesz, Z. I. Changes which occur in apple tissues uopn 
treatment with various agents and their relation to the natural mechanism 
of softening during maturation. Bot. Gaz. 108: 279-285. D 1946 [Ja 1947}. 

Hjelmqvist, Hakon. Studien iiber die Abhingigheit der Baumgrenzen von den 
Temperaturverhaltnissen unter besonderer Beriicksichtigung der Buche und 
ihre Klimarassen. (Dissertation). 1-247. f. 1-9 + tables 1-54. Lund. 1940. 

Holtman, D. Frank. Antibiotic products of fungi. Bot. Rev. 13: 59-91. F 1947. 

Jeffrey, R. N. & Griffith, R. B. Changes in the chlorophyll and carotene contents 
of curing Burley tobacco cut at different stages of maturity. Plant Physiol. 
22: 34-41. Ja 1947. 

Johnson, L. P. V. Effect of humidity on the longevity of Populus and Ulmus 
seeds in storage. Canad. Jour. Res. C. 24: 298-302. D 1946 [Ja 1947]. 
Justice, Oren L. & Whitehead, Marvin D. Seed production, viability and dor- 
mancy in the nutgrasses, Cyperus rotundus and C. eseulentus. Jour. Agr. 

Res. 73: 303-318. f. 1, 2+ tables 1-8. N 1946. 

Kramer, P. J. Automatic apparatus to cover and uncover plants in photoperiod 
experiments. Plant Physiol. 22: 88-90. Ja 1947. 

Kramer, P. J. & Clark, W. 8S. Comparison of photosynthesis in individual pine 
needles and entire seedlings at various light intensities. Plant Physiol. 22: 
51-57. Ja 1947. 

LeCompte, Stuart B. Plastid pigments and commercial quality in Connecticut 
shade tobacco. Am. Jour. Bot. 33: 726-731. tables 1-5. N [5 D] 1946. 
McKinney, H. H. Stability of labile viruses in desiccated tissue. Phytopathol- 

ogy 37: 139-142. tables 1, 2. F 1947. 

Maher, Sister Maria Laurence. The role of certain environmental factors in 
growth and reproduction of Protosiphon botryoides Klebs. I. Races, strains 
and clones. Bull. Torrey Club 73: 573-587. f. 1-17 + tables 1-5. 15 N 1946; 
Il. Vegetation growth. 74: 20-37. f. 18-38+ tables 5-13. Ja 1947; III. 
Reproduction. 156-179. f. 39-41 + tables 14-16. Mr 1947. 

Molotkovsky, G. Kh. On the physiological nature of the reversion of polarity 
in the cuttings of Kok-saghyz. Compt. Rend. (Doklady) Acad. Sci. U RSS 
52: 551, 552. f. 1-4. 1946. 
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Myers, Jack. Oxidative assimilation in relation to photosynthesis in Chlorella, 
Jour. Gen. Physiol. 30: 217-227. f. 1-3. 20 Ja 1947. 

Nagel, C. M. & Semeniuk, G. Some mold-induced changes in shelled corn. Plant 
Physiol. 22: 20-33. Ja 1947. 

Osterhout, W. J. V. Some properties of protoplasmic gels. Il. Contraction of 
chloroplasts in currents of water entering the cell and expansion in outgoing 
currents. Jour. Gen. Physiol. 30: 229-234. 1 f. 20 Ja 1947. 

Parker, Helen. Studies in the nutrition of some aquatic Myxomycetes. Jour. 
Elisha Mitchell Soc. 62: 23 247, pl. 42+ table 1. D 1946 [Ja 1947]. 
Prokofiev, A. A. On the filling of the lactiferous system on Krym-saghyz with 
latex of the common dandelion [by grafting]. Compt. Rend. (Doklady 

Aead. Sei. U RS 8S 52: 175-178. f. 1, 2. 1946. 

Prokofiev, A. A. The part played by different organs of the plant in rubber for 
mation. Compt. Rend. (Doklady) Acad. Sci. U RS 8 52: 85-88. 1946. 
Pucher, G. W. et al. Studies in the metabolism of Crassulacean plants: Changes 
in the composition of Bryophyllum calycinum during growth. Plant Physiol. 

22: 1-19. Ja 1947. 

Quick, Clarence R. Germination of Phacelia seeds. Madrofio 9: 17-20. Ja 1947. 

Rabideau, G. 8., French, C. S. & Holt, A. S. The absorption and reflection 
spectra of leaves, chloroplast suspensions, and chloroplast fragments as 
measured in an Ulbricht sphere. Am. Jour. Bot. 33: 769-777. f. 1-7 + tables 

3. D 1946 [16 Ja 1947]. 

Reed, Howard 8S. Effects of zine deficiency on phosphate metabolism of the 
tomato plant. Am. Jour. Bot. 33: 778-784. f. 1-4 + table 1. D 1946 [16 Ja 
1947 |. 

Reed, Howard 8S. & MacDougal, Daniel T. Growth processes of Corallorhiza. 
Growth 9: 335-358. f. 1, 2. 1945. 

Schatz, Albert & Jones, Doris. The production of antiphage agents by Actinomy 
cetes. Bull. Torrey Club 74: 9-19. tables 1-5. Ja 1947. 

Sell, Harold M., Johnston, Frederick A. & LaGasse, Felix S. Changes in the 
chemical composition of the tung fruit and its component parts. Jour. Agr. 
Res. 73: 319-334. tables 1-4. N 1946. 

Shirling, A. E. The age of [conifer] needle leaves. Trans. Kan. Acad. 49: 161- 
166. 1946. 

Smith, F. G. ef al. Changes in food reserves and respiratory capacity of bind 
weed tissues accompanying herbicidal action of 2,4-dichlorophenoxyacetic 
agid. Plant Physiol. 22: 58-65. Ja 1947. 

Smith, Gilbert M. The nature of sexuality in Chlamydomonas. Am. Jour. Bot. 
33: 625-630. f. 1-5. O [N] 1946. 

Smith, Walton J. Effect of penicillin on seed germination. Science 104: 411- 
413. 1 N 1946. 

Spoehr, H. A. The coming of age of the American Society of Plant Physiologists. 
Plant Physiol. 21: 386-392. O 1946. 

Spoehr, H. A. et al. Biochemical investigations. Carn. Inst. Wash. Year-Book 
44(1944-45): 66-71. 14 D 1945. 

Stewart, William S. & Eberling, Walter. Preliminary results with the use of 
2,4-dichlorophenoxyacetic acid as a spray-oil amendment. Bot. Gaz. 108: 
286-294. f. 1. D 1946 [Ja 1947]. 

Strickler, Bernard. Responses of Pteris longifolia to applications of ammonium 

2,4-dichlorophenoxyacetate. Bot. Gaz. 108: 101-114. f. 1-25. 22 O 1946. 
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Stuart, Neil W. & Griffin, Dorothy M. Some nutrient deficiency effects in the 
onion. Herbertia 11 (1944): 329-337. pl. 275, 276+/. 132, 183. 1946. 
Traub, Hamilton P. Concerning the function of rubber hydrocarbon (caoutchouc) 
in the guayule plant, Parthenium argentatum A. Gray. Plant Physiol. 21: 

425-444. f. 1-4. O 1946. 

Traub, Hamilton P. & Slattery, M. C. Analysis of levulins, inulin, and mono- 
saccharides in guayule. Bot. Gaz. 108: 295-299. 1 f. D 1946 [Ja 1947]. 
Traub, Hamilton P., Slattery, M. C. & McRary, W. L. The effect of moisture 
stress on nursery-grown guayule with reference to changes in reserve carbo- 

hydrates. Am. Jour. Bot. 33: 699-705. N [5 D] 1946. 

Tseng, C. K. & Sweeney, Beatrice M. Physiological studies of Gelidium cartila- 
gineum,. I, Photosynthesis, with special reference to the carbon dioxide 
factor. Am. Jour. Bot. 33: 706-715. tables 1-4+/f. 1-5. N [5 D] 1946. 

Tuba, Jules, Hunter, George & Osborne, John A. On staining for vitamin C in 
tissues. Canad. Jour. Res. C 24: 182-187, pl. 1, 2. O 1946. 

Van Overbeek, J. Control of flower formation and fruit size in the pineapple. 

sot. Gaz. 108: 64-73. f. 1-8. 22 O 1946. 

Way, Roger D. & Maki, T. E. Effects of pre-storage treatment of hardwood 
and pine seedlings with q naphthaleneacetic acid. Bot. Gaz. 108: 219-232. 
f. 1-3. D-1946 [Ja 1947]. 

White, Philip R. Plant tissue cultures. IT. Bot. Rev. 12: 521-529. N 1946. 

Winters, H. F. et al. Influence of temperature on growth and alkaloid content of 
cinchona seedlings. Plant Physiol. 22: 42-50. Ja 1947. 

Zimmerman, P. W. Plant hormones. Bull. Torrey Club 74: 180-183. Mr 1947. 


GENERAL BOTANY 
(including Biography) 

Auber, Pedro Alejandro. Etapa histérica del Jardin Boténico de la Habana. 
Revista Soc. Cub. Bot. 3: 76-82. My—Je 1946. 

Benner, W. M. & Pennell, F. W. Otway H. Brown. Bartonia 24: 80, 81. 15 F 
1947. 

Darlington, Henry T. Contributions to the botany of Michigan by Oliver Atkins 
Farwell. Rep. Mich. Acad. 47-48: 69-74. port. 1946. 

Geiser, S. W. Greenleaf Cilley Neally (1846-1896), Texan botanist. Field: & 
Lab. 15: 41-46. port. Ja 1947 [10 D 1946]. 

Hayden, Ada. William Trelease 1857-1945. Proc. lowa Acad. 52: 61-64. port. 
1945 [J] 1946}. 

Jepson, Willis Lynn. Carl Purdy, lover of the lilies. Jour. Calif. Hort. Soc. 8: 
2-4. Ja 1947. 

Kucyniak, James. Frére Marie-Victorin (1885-1944). Rhodora 48: 265-272. 
19 O 1946. 

Meyer, Bernard 8S. The case for greater cooperation among the plant science 
societies. Plant Physiol. 21: 379-385. O 1946. 

Milanez, F. R. Samuel J. Record. Rodriguésia 9%: 1-7. S—D 1945. 

Sauer, Carl O. Early relations of man to plants. Geogr. Rev. 37: 1-25. Ja 1947. 

Schultes, Richard Evans. The use of formaldehyde in plant collecting. Rhodora 
49: 54-60. F 1947. 

Schwarten, Lazella. Illustrissimi auctoris bibliographia. Jn: Merrilleana: A 

selection from the general writings of Elmer Drew Merrill, Se.D., LID. 

Chron. Bot. 10: 144-157. Autumn 1946. 
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Souza, Paulo F. Samuel James Record, MF., M.A., Ph.D. Rodriguésia 9” 
117-123. S—D 1945. 

Sprague, M. L. (Green, M. L.) A discussion on the differences in observance 
between zoological and botanical nomenclature. 1. The case for the botanists. 
Proc. Linn. Soe. 156: 126-134. 15 D 1944. 

Standley, Paul C. Food types of the Indians of the Guatemalan highlands. Jour. 
Arnold Arb. 27: 395-400. 15 O 1946. 

Standley, Paul C. E. 0. Wooton. Jour. Wash. Acad. 37: 34, 35. 15 Ja 1947. 

Stehle, H. Le Frére Marie-Victorin (1885-1944). Bull. Soe. Bot. Fr. 93: 3-6. 
ll Ja 1946. 

Stehle, H. Le Professeur William Trelease 1857-1845. Bull. Soe. Bot. Fr. 93: 


83-86. Mr 1946. 

Steyermark, Julian A. Exploracién boténica a las regiones orientales de Vene 
zuela. Bol. Soc. Venez. Ci. Nat. 10: 259-276. Ap—Je 1946. 

Vargas C., C. Diez afios al servicio de la botaénica en la Universidad del Cuzco. 


Homenja a la universidad nacional del Cuzeo, en su 250 aniversario. 1-52. 


f. 1-17. Cuzeo, Peru. N 1946. 
Verdoorn, Franz, (edit.) |. Merrilleana: A selection from the general writings 
of Elmer Drew Merrill, Se.D., LI.D. Chron. Bot. 10: 131-393. illust. 


Autumn 1946. 





